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Dynamic 
Magnetics— 

Wide-scale applications of magnetic recording prin- 
ciples in product design were still in a discussion stage 
only three or four years ago. (See “Magnetic Record- 
ing Systems in Product Design,” EM 2-50/74). But 
within this brief time, magnetic recording has 
achieved a fundamental position in the business ma- 
chine and computer field, in telemetering and other 
special instrumentation; it is now entering the ma- 
chine tool field; and it is inherent in the sequencing 
operations of the automatic factory. 

The current “Progress Report on Electronic Com- 
puting and Business Equipment” distributed to the 
stockholders of Remington Rand is devoted solely to 
such developments as digital computers, “office-size” 
computers, speed tallying machines, air-traffic control 
machines, “logistics” computers, and automatic airline 
reservation systems, all of which, in one degree or 
another, employ magnetic recording elements for 
information input, memory storage, and_ related 
functions. 

In the last issue of this publication two articles 
have basic reference to magnetic recording, “Fast- 
Acting Digital Memory Systems,” (EM 10-53/100) 
and “Magnetic Memory Inventory” (EM 1053/124). 
In this issue, the lead article, “Tape-Controlled Ma- 
chines,” describes sequencing of machine operations 
from a magnetic tape recording. 


Water-Soluble Phenolic 
for Baking Finishes 


Brand-new aspect to phenol-based industrial baking 
finishes is promised as a result of the development 
of a plasticized, water-soluble, phenolic resin by 
Reichhold Chemicals’ European Research Labora- 
tories and now being further explored in this country 
under the trademark “Hydrophen” (the European 
tradename is “Resydrin” ). 

Crux of this development is that surface-coating 
materials usually contain relatively large quantities of 
organic solvents, frequently in excess of 50 per cent. 
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The use of a water-miscible resin such as Hydrophen 
should make it possible to eliminate the cost of sol- 
vents, as well as the cost of spent solvent recovery. 
Another important factor would be the elimination of 
toxicity and flash-fire hazards connected with the use 
of organic solvents. Exceptional physical character- 
istics and resistance to moisture and acids are claimed 
for the Hydrophen-based finishes. 

Experimental work on formulations, pilot-plant 
runs, and on applications are in progress at the Reich- 
hold plant in Detroit. Testing samples and further 
technical information are expected to be available 
soon. 


Embossing the 
“Printed Circuit” 

Reverse twist to printed-circuit techniques makes 
it possible to produce copper-foil circuit patterns 
without the need for etching the circuit itself. This is 
how it works: 

Copper-clad laminated sheets are formed in the 
conventional manner, except that instead of using the 
regular smooth dieplates between sections of the 
laminate build-up, the die in contact with the copper 
foil has the desired circuit pattern already etched on 
it. The pattern rises about 0.010 in. to 0.015 in. from 
the principal surface. As the laminate is fabricated, 
the circuit pattern is thus depressed into the copper 
foil. The superfluous copper areas are then removed 
by mechanical means leaving a clean base insulating 
surface. 

This so-called “embossing process,” (developed by 
Erie Resistor Corp., Erie, Penna.) provides two ad- 
vantages: (1) Simplifies production, and (2) elim- 
inates possible deleterious effect of etching agents in 
contact with the base laminate. 


Atomic Energy 
Research Projects 

Recent award of 47 unclassified physical research 
contracts with universities and private research 
organization reflects the Atomic Energys Commis- 
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Operator installs space-saving G-E Selenium Rectifiers on monitor sequence count-controlier. 


G-E Selenium Rectifiers 
Cut Costs and Save Space 


“We greatly simplified a serious 
space ‘prob lem, increased current 
capacity by 30 per cent, and even 
saved money as well, by our 
General Electric Selenium Rectifiers 
in our product, ” re ports Production 
Instrument € “ompany, thicago, IIli- 
nois, large manufacturers of e i ctrical 


counters. 


G-E SPECIALISTS HELPED. These 
benefits resulted from an improved 
installation plan designed by G-E 
Rectifier Specialists, ‘working with 
Production Instrument Company, 
and using compact, G-E Selenium 
Rectifiers. A change to several small 
unit stacks replacing one large as- 
sembly made installation easier 
faster, and more economical. 


LONG LIFE. Low forward resistance 


means low forward voltage drop in 


and 


You CAR fre you confide CHRCE U7 __. 


use of 


G-E Selenium Rectifiers, and com- 
bined with their high reverse resist- 
ance, assures low heat loss with re- 
sulting slow aging and long life. 


COMPACT and lightweight, G-E 
Selenium Rectifiers save space for 


other components, and provide un- 
interrupted and long-lasting _ per- 
formance. They make | a major con- 
tribution to your products’ quality 
and consumer acceptance. 


FOR MORE INFORMATION, consult 
your nearest G-E Apparatus Sales 
Office or write for the Selenium Rec- 
tifier Application Manual GET-2350. 
And you can test G-E Selenium Ree- 
tifier quality for yourself, with GEA- 
5924A, Testing Directions for Sele- 
nium Rectifiers. Address Section 461- 


26, General Electric Company, Sche- 
nectady 5, N. Y. 
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METALLIC RECTIFIER 


FACTS FOR ENGINEERS 


AGING 
by C. E. Hamann 


Frequently the aging of sele- 
nium rectifiers is thought of as an 
increase in forward resistance re- 
sulting in a reduction of voltage 
output. 

Aging of metallic rectifiers is 
de Sion ~d he the American Institute 
of Electrical Engineers as “any 
persisting change (except failure) 
which cakes plac e for any reason 
in either the forward or reverse 
characteristic.” 

Therefore, it is a mistake to 
think of aging only as a change in 
forward resistance. Aging can, 
and often does, affect the reverse 
characteristics of a selenium cell. 
With age the cell may lose its 
ability to block voltage. When this 
occurs, the back leakage i increases, 
and consequently the losses are 
increased and the operating tem- 
perature rises. 




















REVERSE FORWARD 
CHARACTERISTICS S] CHARACTERISTICS 


Therefore, if you wish to deter- 
mine the quality of a rectifier cell, 
it is necessary to consider the 
forward and reverse characteristics 
and the effect that aging has on 
both characteristics. 

A high quality rectifier cell 
must Lowe initially a low forward 
resistance and high back resist- 
ance. In addition, a high quality 
rectifier cell must show a minimum 
of change in both forward and 
reverse characteristics with time. 

If you would like information 
on how you can test initial 
characteristics of selenium stacks, 
write for the bulletin mentioned 
at left. 


General Electric Company 














































































































































































































































































































RESEARCH HORIZONS 


sion’s continuing policy of utilizing non-governmental 
research facilities to as great an extent as possible. 

These contracts, of course, are in the realm of fun- 
damental investigation. Some of the titles point to 
work of special interest in relation to potential appli- 
cation in electrical and electronic equipment and 
devices. A contract placed with Cornell University 
calls for study of “Structure of Fluorocarbons, Ele- 
mentary Boron, and Boron Compounds.” (Organo- 
boron compounds, it will be recalled, have been 
under investigation for several years as_ possible 
super-high-temperature dielectrics.) The effect of 
radiation will be investigated at MIT and also at 
Purdue Research Foundation. 


Ultra-Sensitive Automatic 
Temperature Regulator 


Patent No. 2,646,544 covers a control system said to 
be of extreme sensitivity. Selected temperatures can 
be maintained within a small fraction of a degree. 
Any departure from the temperature unbalances a 
Wheatstone bridge circuit that incorporates two high- 
temperature and two low-temperature-coefficient re- 
sistors. Potential derived from the bridge is mixed with 
applied potential to provide an algebraic sum or differ- 
ence related to the direction of drift. The resultant 
potential is applied to control a temperature-compen- 
sating heat source. 

This is one of 28 patents currently released by the 
Atomic Energy Commission for non-exclusive, royalty- 
free licensing. Total of such patents and patent appli- 
cations released to date is 593. 


High-Frequency Ceramics 
for Electron Tubes 

In a paper by Louis Navias, General Electric Re- 
search Laboratory, at the Seventeenth Symposium on 
Ceramic Dielectrics, at Rutgers University, New 
Brunswick, N.J., October 14, the following require- 
ments were given for vacuum-tight ceramic envelopes 
for the “modern” electron tubes operating at 10,000 
me (3-cm wave length): 

1. Physical stability at operating temperatures 
(calling preferably for a highly crystalline com- 
position ) ; 

Good mechanical strength; 

Surfaces adaptable to metallizing; 

Metal or alloy components of comparable ther- 
mal expansions; and 

5. Low dielectric losses, even after being heated in 

a reducing atmosphere, such as hydrogen, or in 

a vacuum. 

Composition studies of four types of ceramic bodies 
were presented, including characteristics such as 
linear thermal expansion and dielectric properties at 
3-cm wave length. For alumina, the dielectric constant 
was given as 8.4, the power factor as 0.0006. For 
forsterite, 6.3 and 0.0006; for zircon-tale, 7.5 and 
0.0026; and for steatite, 6.6 and 0.0005. 

Three modern methods for ceramic-metal 


Lo 


~ 


seals 






were outlined, employing manganese, molybdenum 
and titanium as the active metallizing agents, specifi- 
cally: (1) Mn-Mo combinations; (2) Mo0;, and (3) 
TiHs. 


And a New Metal-Ceramic 
UHF Receiving Tube— 


Unveiled by General Electric Company at the Na- 
tional Electronics Conference at Chicago, receivin 
tube Type GL-6299 has been specifically developed 
at the G-E Research Laboratory to solve high noise- 
level problems in the lower-frequency radar equip- 
ment, 

It is a co-planar triode indicated for use as a low- 
level Class A r-f amplifier operating at frequencies up 
to 3000 me. Noise level at 1200 mc is 8.5 db or better, 
and power gain is 16 db. The tube is 1 in. long, weighs 
4; oz., and is gold-plated to improve conductivity and 
provide corrosion resistance. Rigid electrode construc- 
tion provides shock and vibration resistance. Large 
metallic areas in relation to overall size are designed 
to supply good electrical and thermal contact. 

Applications other than in radar are indicated in 
aircraft communications circuits, radiosonde receiv- 
ers, and in uhf beacons and beacon receivers. ... A 
variety of nonmilitary applications are seen in appli- 
cations where 3000 mc operation applies. 


Rapid-Drying Method 
for Protective Coatings 

A chemical technique for slicing the drying time 
for protective coatings from 24 hr to a matter of min- 
utes, with resulting increase in production rates and 
reduction in costs has resulted from an Armour Re- 
search Foundation project sponsored by The Meyer- 
cord Company, Chicago. 

In the normal hardening of the coating film, the 
usual oxidation or polymerization processes apply. In 
the new method, designated “Chem-Dry Process,” the 
film hardens as a result of a chemical reaction between 
a sulfur dichloride vapor and the applied coatings. 
Hardening is result of cross-linking of the resins and 
oils. Initial set of the film is produced in 2 to 20 sec, 
and the hardening action is then completed in a mat- 
ter of minutes without further contact with the sul- 
fur dichloride vapor. 

Special requirements: Sponsors point out that for 
best results it is advisable to have special coating 
formulations designed to take advantage of _ this 
method; and that special engineering and production 
techniques should be developed for specific appli- 
cations. 


Metallized Cast 
Teflon Film 


Experimental quantities of silver- or copper-coated 
cast Teflon film are being made available by the 
Dilectrix Company, Queens Village 28, N. Y. High 
vacuum techniques are utilized for the metallizing 





ELECTRICAL MANUFACTURING 


Wide Selection of Material is 
TOS Sm Or 
Fe Me ma 


Actual size photograph unretouched 


Stone has more than 200 kinds, grades and thicknesses of materials available for the production of your 
small diameter paper tubes. 


This wide selection means that Stone spiral wound paper tubes have a flexibility of application not found 
in other more standardized materials. Naturally, this results in the lowest possible cost to you. 


Included in this extensive selection of more than 200 stocked by Stone for immediate production are 
numerous grades of hi-dielectric kraft, fish paper, absorbent papers, asbestos, and plastic films such as acetates 
and polystyrenes. 


Stone’s well known precision production methods guarantee that these materials will meet your most rigid 
specifications. Call or write us today for prompt attention. 


STONE PAPER TUBE COMPANY, INcorporATED 
STONIZED PRODUCTS COMPANY, Inc. 


900-922 Franklin Street, N. E., Washington 17, D. C. 
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RESEARCH HORIZONS 


process. Film thicknesses are 0.25, 0.50, 1.0, and 2.0 
mil, either fully coated or marginal coated. Test data 
are being gathered from application evaluations in 
printed circuits, cable wrap, and miniature capacitors 
for release at a later date. 

For discussion on Teflon film see the recent article 
“Nonrigid Materials for the Functional Design of 
Electrical Insulating Systems.” (EM 9-53/123). 


Reliable Tubes; 
Reliable Computer 


General-purpose digital computer SWAC, originally 
constructed by the National Bureau of Standards in 
1950 under sponsorship of Wright Air Development 
Center, is now on the job 24 hr a day, five days a 
week, solving complex problems in engineering, 
physics, mathematics, statistics and meterology. Scope 
and complexity of the problems the machine can now 
handle have been greatly expanded through a recent 
installation of a magnetic drum auxiliary memory. The 
new memory holds 16 times as much mathematical 
information as the cathode-ray tube memory, with 
which it’ will be associated to enlarge the overall 
capacity. 

It is interesting to note that 70 per cent of SWAC’s 
working time is spent on problem solution, the re- 
mainder for maintenance, testing, and engineering 
development. . . . Operating experience provides an 
“excellent” report card for 2600 tubes contained in the 
circuits. Average tube life is between 8000 and 10,000 
hr. Very few tubes have been lost as a result of heater 
failure; low emission and intermittent shorts have 
been to blame. 


Vinyl-Metal Laminate 
for Machine Housings 

Vinyl-bonded aluminum or steel sheet provides a 
new material with varied industrial applications, 
among them colorful, corrosion- and abrasion-resist- 
ing housings for business machines and other equip- 
ment. This development of the Naugatuck Chemical 
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signals stored on magnetic tape 
to program a lathe for automatic 
step turning of motor shafts. The 
illustrated was 
built experimentally in 
Electric to 
that the skills of a master machin- 
ist can be recorded electronically 
and repeated indefinitely in long 
or short production runs within 






Division, United States Rubber Company, utilizing 
this company’s Marvinol vinyl, is under active inves- 
tigation by a number of equipment manufacturers, 
The vinyl sheet is 0.002 to 0.02 in. thick. Cold-rolled 
steel, and hot-rolled pickled steel and aluminum, from 
18 to 35 gage, form the base surface. 

Tests on finished laminate indicate adhesion 
strength in excess of 40 psi of width. High adhesion 
strength permits use of all types of standard metal- 
forming equipment without risking damage to the 
vinyl coating or damaging the bond. Crimp rolls, 90- 
deg crimp bends, 180-deg bends and deep draws are 
attainable. Vinyl film can be embossed or otherwise 
decorated. 

Reports show that test panels of the laminate ex- 
posed to 100 per cent humidity at 160 F for 1000 hr 
have shown no adhesion failure or blistering, and only 
slight color changes. Oven aging at 150 F for 600 hr 
had no perceptible effect on adhesion or color. 

See Fig. 11 in recent article, “Plastics Applications 
in Business Machines, (EM 10-53/112) for example 
of embossed vinyl-coated steel sheet used in business 
machine housing. 


Capsule Notes on 
Research Reports 

“Research Reports for Sale” published by the U. S. 
Atomic Energy Commission currently provides a 
20-page listing of available items which can be pur- 
chased at nominal prices. For copy of current list 
(No. 22) write to Office of Technical Services, De- 
partment of Commerce, Washington 25, D. C. List- 
ings include reports on instruments, chemistry, metal- 
lurgy and ceramics, and physics. 


The American Society for Testing Materials makes 
available without charge, a 22-page reprint “Review 
of ASTM Research,” previously published in the 
ASTM Bulletin of December, 1952, and January and 
February 1953. Write ASTM headquarters, 1916 Race 
St., Philadelphia 3. 

—A.E.J. 


accuracies of 0.001 in., independ- 
ent of work travel. 
Signals are stored on the tape 
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by the operator going through the 
process manually. Playing back 
the tape repeats the operation. The 


basic servo system depends upon 


1949 by the phase relationship of voltages 
demonstrate generated by synchros coupled to 


coordinate feed motors. The same 
synchros are used as both trans- 
mitters and receivers. Phase dis- 


criminators govern direction. 
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NEMA Rerated Motors 


JusT A YEAR AGO THIS MONTH the Motor & 
Generator Section of the National Electrical 
Manufacturers Association adopted as a 
“Standard for Future Design” new frames 
and horsepower assignments for ratings 
from 1 to 30 hp in polyphase induction 
motors. The early commercial availability 
of the smallest of the new frames is just 
now being announced by one manufacturer, 
with others to follow shortly. This develop- 
ment vitally concerns those engineers who 
design-in motors as drives of all types of 
machinery, as well as all motor users. 
New motors developed by different man- 
ufacturers will not necessarily be carbon 
copies of each other. The new NEMA 
Standard fixes only a few key dimensions, 
sufficient to describe dimensionally a can 
or drum into which stator laminations, 
windings and end brackets can be fitted, 
together with the rotor and shaft. At a 
recent AIEE meeting it was revealing to 
listen to motor engineers discuss the numer- 
ous factors involved in varying the dia- 
meter and length of the magnetic core 
while maintaining the volume (a measure 
of power ) constant. One got the impression 
that there is still a wide latitude of choice 
involving variations in manufacturing and 
material costs and material selection. 
Not the least interesting observation was 
that a group of design engineers employed 
could talk 
about methods of approach to a common 


by competing manufacturers 
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problem, the factors to be taken into ac- 
count, the symbols to be used in mathema- 
tical formulas—without revealing the speci- 
fic designs of steel and copper each will 
eventually use. They agree only on the 
theoretical method of approach. 

It is to be expected that competitive de- 
signs of the new motors will be different 
not only dimensionally, but also in ma- 
terials used. Nothing new can be expected 
immediately in magnet wire and in elec- 
trical steel laminations, but newer types of 
insulation are in evidence. The greatest 
structural changes are in the form of better 
mechanical protection and much more 
efficient ventilation. Actually, the tempera- 
ture limit of AIEE Class A insulating ma- 
terials is being met. Better heat transfer, 
not a hot motor, is the answer. Another im- 
provement is found in bearing lubrication 
looking to longer periods without mainten- 
ance. 

In other words, the motor specifier can 
look for an integrated product in which a 
number of design improvements have con- 
tributed to more power in less space. A year 
ago the challenge looked like a difficult one 
for many motor manufacturers to meet. 
We suspect that the job was somewhat 
easier than anticipated. 

The first step has been taken; more will 
follow as the larger projected sizes are 
engineered for production. 
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Tape-Controlled 


Machines 





Any number of machine motions and on-off operations can be programmed 


through a complete cycle from magnetic tape using record-playback techniques 


and servo principles. The skills of a master machinist can be recorded 


electronically and repeated indefinitely in short or long production runs. 


Lawrence R. Peaslee 
Specialty Control Department 
GENERAL ELectric Company, Schenectady 


INFORMATION to control machines or processes through- 
out a sequence (or program) of operations can be 
stored on cams, templates, master models, or drawings. 
Screw machines are guided through their work cycles 
by cams. Mechanical, electronic and hydraulic tracer 
controls automatically copy templates or masters to re- 
produce shapes. Photoelectric line followers are also 
used to automatically produce parts whose contours 
have been recorded as a drawing. 

Toward the end of World War II, General Electric 
engineers were looking for new media on which to 
store information for controlling machines. A magnetic 
recorder was selected as one of these, and in 1947 a 
complete control system was demonstrated, Fig. 1. 
Both a production lathe and a vertical milling ma- 
chine have been operated from programs pre-recorded 
on magnetic tape. 

At present, General Electric is manufacturing a 
record-playback control for the Giddings & Lewis 
Machine Tool Co. This contro] will automatically pro- 
gram all the motions of an aircraft skin milling ma- 
chine throughout work cycles up to several hours in 
length. 

There are two basic operations in this type of con- 
trol: The first is “Record,” where information repre- 
senting the work cycle is stored on the magnetic tape. 
The second operation is “Playback,” where the infor- 
mation is extracted from the tape (or magnetic cam) 
and controls the machine throughout the work cycle. 
Hence, the name Record-Playback has been applied 
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to this type of control. The latest professional tape 
recorder for use with this control is shown in Fig. 2. 

To record, a complete work cycle is performed on 
the machine and through selsyns (synchros) geared 
to the machine motions, the latter are translated into 
electrical signals recorded on the magnetic tape. Dur- 
ing playback, the magnetic tape is run past pickup 
heads which recreate the electrical signals. These are 
amplified and checked against signals from the selsyns 
actuated by the machine motions. Electronic servo- 
mechanism control compares these two sets of signals 
and drives the machine feed motions to cause the sel- 
syns to stay in step with the signals recorded on the 
tape. In this way, the machine is made to repeat its 
previous motions. Once a magnetic tape recording has 
been made, it can be used repeatedly to produce 
hundreds or thousands of workpieces. 

The system has been designed to be essentially 
independent of tape dimensional changes and of 
recorder amplitude variations. In most cases, the 
resulting electrical accuracy of the system is better 
than normal machining accuracy. 

The machine must be designed or modified so that 
each feed motion is individually motorized and has a 
selsyn geared to it. One channel on the multi-channel 
recorder is allocated to each motion or feed con- 
trolled. In addition, intermittent or on-off functions 
may be recorded on other channels. Thus, the spindle 
motor, oil pump, coolant pump, and many other 
auxiliaries can be turned on and off during the work 
cycle. As many as five intermittent-type functions may 
be superimposed on one recorder channel. 

In adapting the 16-in. lathe shown in Fig. 1 for 
tape control, the longitudinal carriage feed and the 
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cross-slide feed were separately motorized instead of 
being geared to the headstock and to each other. 
After the record-playback principle was proved by 
superimposing the feed-motion signals on a single- 
channel recorder, a multichannel recorder was se- 
lected. To do this it was necessary to modify the 
single-channel audio-type recorder shown in Fig. 1 
since there were no multi-channel recorders on the 
market at the time of the initial development. The 
shafts in Fig. 3 were machined with a feed speed of 
15 in./min and with an accuracy of +0.001 in. 

The same control was used to program a milling 
machine located 50 ft from the lathe. The irregularly 
shaped plates in Fig. 3 were milled while record-play- 
back controlled the head and table feeds of the ma- 
chine. Accuracies of 0.001 in. were obtained. The 
plates with the bored holes (Fig. 3) were produced by 
using the record-playback control to position the mill- 
ing tool from one hole to the next. Here also accuracies 
of 0.001 in. were realized. 


Advantages Cited. Machine tools may be made semi- 
automatic or fully automatic by addition of record- 
playback control. With a file of tapes, this highly versa- 
tile combination is ideal for small and medium quan- 
tity production. Some of the factors contributing to its 
economy are: 


1. Setup time is reduced. 

2. Time normally required for reading prints is 

reduced or eliminated. 

Inspection and measuring time is reduced. 

4. Simultaneous operation of two or more feeds is 
possible in many applications. 

5. The tape recording may be erased at any time 
and a new one made on the same tape. 


~ 








6. Loading and transfer mechanisms may be con- 
trolled as part of the work cycle. 
7. Operators’ errors are eliminated. 


Where work cycles are too long, complicated, or 
require too many passes for cams, templates, or other 
conventional information storage means, record-play- 
back is especially well adapted for automatic program 
control on either high production or low production. 

Where unusual skills of an operator cannot be re- 
produced by conventional automatic machines, record- 
playback can copy the operator’s technique on tape. 
Assembly operations often. fall.in this class; however 
in most cases, appropriate machines for this type of 
work have yet to be designed. 

A battery of identical machines may be controlled 
from one recorder and associated equipment, or the 
control can be alternated between two or more dif- 
ferent types of machines, provided they are equipped 
with the same type of servo controls on the feed 
motions. 

Possible applications are unlimited. Record-playback 
can control complete work of process cycles involving 
the co-ordination of any number of motors, solenoids, 
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FIG. 2—Multi-channel magnetic tape recorder 
of latest design for use with record-playback 
control of machine tool automatic work cycles. 


ie 


FIG. 1—First G-E record-playback control directing a 16-in. lathe as it 
cuts a shaft. Built in 1947. Recorder and associated circuits are at left. 
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FIG. 3—Workpieces made on a lathe and a milling machine 


programmed by the roll of magnetic tape seen at upper left. 


hydraulic valves, pneumatic valves, clutches, or brakes 
Record-playback is particularly applicable to ma- 
chines and processes that include an appreciable 
amount of set-up or other unproductive time which 
can be eliminated through the use of this automatic 
control system. A few of these possibilities are appli- 
cation to machine tools, metal forming machines, 
assembly machines and chemical and thermal proc- 
esses. Record-playback equipment has already been 
built to reproduce testing cycles. 


Method of Making Recordings. There are two basic 
methods of making tape recordings: On the machine 
itself using the machine feeds and selsyns, and remote 
from the machine where simulated feed motions oper- 
ate the selsyns. In the first case, it is merely necessary 
to operate the machine throughout its work cycle by 
conventional means while the tape recording is being 
made. A workpiece may be made during this opera- 
tion, but does not have to be. The operator uses the 
manual controls for the various feed motors. He 
stops the recorder when he wishes to “mike” the 
work or he can use preset gage blocks and indicators 
to quickly locate a dimension without stopping. To 
give the operator more time to think while making the 
record, he can record at reduced speed and play back 
back at normal speed. 

Recordings may also be made while the machine is 
being programmed by any conventional form of auto- 
matic control. For example, signals may be recorded 
from the selsyns while the machine is being positioned 
by tracer control. If several passes are made over 
one template, the return to the starting point and the 
depth of cut adjustment may be made manually or 
by limit switches. On playback, the entire operation is 
automatic. 

Where tying up the production machine while mak- 
ing recordings is impractical or where several record- 
playback machines are in one installation, special 
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lightweight equipment just for making records may be 
designed. No machining need actually be done. Posi- 
tion signals are obtained from selsyns driven from the 
feed motions of a simulated machining program. 

A tracer control is well adapted to such a recording 
machine. Lightweight feeds may be set up to carry 
only the tracing head and to drive the selsyns. Optical 
line followers may be similarly applied but require 
drawings instead of templates. In this case, the draw- 
ing may be made 5 or 10 times oversize to obtain 
better accuracy. The selsyns are geared so as to record 
signals representing the correct size. 

Numerical machine program controls may also be 
used to make tape recordings. The various shapes to 
be programmed are calculated and the _ resulting 
numbers punched in tape or in cards. This forms an 
intermittent memory to program the numerical control. 
Signals from selsyns connected to the output of the 
numerical control are then recorded on magnetic tape. 

Where a complete process control cycle is to be pro- 
grammed, it may be desirable to record a program of 
many variables created on an analog or digital com- 
puter. Selsyns connected to special computer output 
devices supply the signals to be recorded. 

Whether a tape recording is made by copying the 
motions of a man, a machine, or a computer, once it 
has been checked for correctness, it will reproduce the 
program as often as desired. 


Basic Circuits. Fig. 4 shows the basic phase-shift 
servo system excluding the magnetic tape recorder. 
A three-phase voltage is applied to the stators of 
two selsyn control transformers, one the transmitter, 
the other the receiver. Both are used as phase shifters. 
The rotor voltage of each is constant in ampli- 
tude and varies in phase as a function of rotor angular 
position. The phases of the two rotor voltages are com- 
pared by the phase discriminator and its output is 
proportional to the phase error between the two rotor 
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FIG. 4—Basic phase-shift follow-up system employing 
transmitter and receiver selsyns and a balancing motor. 
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FIG. 5—Phase-shift follow-up system applied to record- 
playback magnetic tape control of tool or work feed, 



















voltages, e, and e;. The output is positive if ey leads 





rotor and stator of the transmitter selsyn (left), a 


e; and negative if e, lags e;. Thus, the discriminator reference signal representing the phase of the three- 
output voltage represents the angular error between phase stator voltage must be recorded as well as the 
the two selsyns. rotor signal e,. Signal e, is recorded for the reference. 

The error signal is amplified by the amplidyne and During playback, the reference signal is used to 
is applied to the feed-motion drive motor. The motor recreate the three-phase signal e,, e. and es. This is 
rotates the receiver selsyn in such a direction and at —_ applied to the receiver selsyn stator (right). The posi- 
such a speed as to reduce the error and hold it to a __ tion of the receiver selsyn is now represented by the 
minimum. Thus, as the transmitter selsyn is rotated, phase of the receiver rotor voltage e;. The phase of 
the receiver selsyn (and connected load) remains — the reproduced signal e, represents the command or 
accurately synchronized with it. desired position. Signals e, and e; are compared in 

This selsyn servo control is different from the more — the phase discriminator, producing the position error 
common types in that it uses selsyns to vary phase _ signals. The error is amplified and drives the motor 
angle at constant amplitude. Conventional selsyn sys- — which positions the selsyn receiver so as to reduce the 
tems vary amplitude and maintain constant phase — error to a minimum. Thus, the receiver remains accu- 
except that phase varies from 0 deg to 180 deg to _ rately synchronized with the directing signals from 
change the output from plus to minus. the tape. 

To apply this basic selsyn phase-shift servo to For a two-motion control, Fig. 6, the basic source 
record-playback control, the circuit must be divided — of frequency during recording is a generator or os- 
into two parts (Fig. 5). To record information on the cillator. Its signal is recorded on the tape as a refer- 





tape that represents the relative phase between the | ence common to both motions. A power amplifier 
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FIG. 6—Record circuits (left) and playback circuits for a two-motion feed control on a machine tool. 
phase converter is used to supply the required three- tion, signals from tracer control or other equipment are 
phase power for both selsyn transmitter stators. The — supplied in lieu of the potentiometer signals. 
phase-varying rotor signals for each motion are re- 
corded on separate magnetic channels. During play- Choice of Selsyns. Selsyns were chosen as position- 
back, (right) the power amplifier phase converter sensing elements because they are readily available 
again is used to supply the reference three phase for _and are versatile. They may be used to measure angu- 
both selsyn receivers. Otherwise, the operation of lar position or they may be rack geared to measure 
the two motions is the same as previously described linear position. Most important of all, they may readily 


for playback. 


be used to measure either long or short distances 


The block diagram of the complete system used to — without sacrificing absolute accuracy. For example, 


operate the lathe, Fig. 1, (and later a milling ma- the original record-playback control was geared for 
chine) is shown in Fig. 7. The tape recordings were 0.075 in. linear travel per revolution of the selsyn. 
made and played back on the same machine; hence |= Assuming a combined machine and control accuracy 


the same selsyns were used as transmitters during of 0.001 in., then the accuracy referred to one selsyn 
record and receivers during playback. Likewise, the revolution is 1 part in 75 (i.e., a resolution of 1.3 per 


same selsyn exciter (power amplifier phase converter ) cent). The lathe bed is 50 in. long, and the selsyn 
was used for both record and playback. The record- makes 666.6 revolutions in traveling this distance. The 
play switches indicate the connections for the corre- absolute accuracy is still 0.001 in. but the relative 
sponding operations. accuracy is now | part in 50,000. For an aircraft spar 


In keeping with good tape recording technique, a mill with a 500-in. feed and the same gearing, the 
high frequency (30 kc) bias was used during record- relative accuracy would become 1 part in 500,000 with 


ing to produce good linearity. Tachometer (velocity ) no loss in absolute accuracy. This, of course, refers to 
feedback is used on the feeds to improve servo re- electrical accuracy only and does not take into account 
sponse commensurate with stability. lead screw errors and other machine inaccuracies 
Differential selsyns have been added as a means of which will affect the dimensions of the finished part. 
adjusting tool position on playback for initial zeroing. There is one synchronizing or lock-in point for each 
They act as phase shifters, adding or subtracting the _ selsyn revolution. In the example above, during play- 
phase through which the rotor shafts are rotated. Since _ back, there will be one synchronizing point every 0.075 
phase is analogous to position, the feeds are advanced in. along the feed. This presents no problem: When 
or retarded the corresponding amounts. the operator is setting up for machining parts on 
While a record is being made, speed control poten- playback, he positions each feed to the correct starting 
tiometers on the master control station are used to point. This is the same starting point used when the 
contro] the feeds. When the machine is automatically | tape recording was prepared. The operator does not 


106 


controlled during part of, or all of, the recording opera- 


have to be too exacting in positioning the feeds. As 
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FIG. 7—Schematic block diagram of a complete record-playback program control applied to a production lathe. 





long as each selsyn is within one-half revolution 
(0.0375 in. for the example) of the correct starting 
point, it will move to the correct position as soon as 
the playback is started. The selsyns will then continue 
in synchronism throughout the program. At the end 
of the cycle, the feeds are automatically repositioned 
to their starting positions and the recorder is automati- 
cally stopped and rewound for the next workpiece. 
This assures that the next workpiece is started from 
the correct position. 

Where high traverse speeds are required in con- 
junction with high position accuracy, it is sometimes 
desirable to use a two-speed selsyn system. The 
second selsyn is geared at a lower speed than the 
the first, and a takeover circuit switches over to the 
low-speed signal if the signal from the high-speed 
selsyn gets too near the end of its modulating zone. 

Selsyns are divided into general purpose and high 
accuracy classes. The general purpose class is normally 
used only for torque transmission. High-accuracy sel- 
syns are designed for instrumentation and servomech- 
anism applications. High accuracy control-transformer- 
type selsyns are used for record-playback. They are 
generally accurate to 0.6 deg or 1 deg depending on 
the type used. 


Advantages of Phase Modulation. The signal re- 
corded on the tape is phase modulated. Its phase is 
proportional to angular position. One revolution or 
360 deg of rotation of the selsyn rotor represents 360 
deg phase shift. The signal must be compared to the 
reference or zero phase signal in order to measure the 
phase. Thus, only one signal is required for each mo- 
tion and one reference signal for all of the motions. 
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More conventional selsyn circuits require two or three 
amplitude-varying signals to indicate the angular posi- 
tion of each selsyn in addition to the reference. 

The most important advantage of phase modulation 
is that it is basically independent of amplitude. As long 
as the waveshape at 0 and 180 deg crosses the zero 
voltage line at the correct time, the information car- 
ried by the wave is preserved. Changes in amplitude 
normally do not affect the crossover points. This is 
extremely important when the signals are recorded on 
magnetic tape, which inherently has bad amplitude 
characteristics. A signal recorded at constant amplitude 
and constant frequency may vary during playback by 
as much as +3 db in amplitude. For audio work, this 
is very good. However, for position (or data) record- 
ing, this range represents an amplitude variation of 
about +35 per cent. Thus, the circuits had to be care- 
fully designed so that they were independent of 
amplitude variation. 

The system shown in Fig. 7 controls only two mo- 
tions. One reference signal and two phase-varying 
motion signals must be recorded on the tape. These 
three signals can be combined on a single-channel 
tape or wire recorder if frequency-division or time- 
division multiplying techniques are appled. For rea- 
sonable tape speeds, professional recorders have a 
frequency range of about 40 to 15,000 cps. This 
range limits the number of signals that can be multi- 
plexed without producing waveshape distortion, or 
without reducing the selsyn carrier frequency ex- 
cessively. The latter affect accuracy and servo re- 
sponse. Hence, a multi-channel recorder was used so 
that a number of identical channels could readily be 
used without restricting accuracy and performance. 
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At the time of the initial development, it was neces- 
sary to modify a single-channel recorder to record 
four channels on a 35-mm wide tape. High-quality 
professional multi-channel recorders are now available 
(Fig. 2) that will handle tape widths of 4, 4, % and 1 
in. Recorders accommodating wider tape can be 
made as specials by recorder manufacturers. Standard 
multi-channel recorder designs use 7 or 13 channels 
per in. depending upon the track (channel) width. 
Recorders having two head assemblies with the tracks 
interlaced have double this number of tracks per inch. 

The accuracy and performance of the electrical 
portion of the system are affected by the selsyn carrier 
frequency, the tape speed, the per cent modulation 
of carrier, the ability to reproduce a good waveshape, 
and the ratio of maximum traverse speed to the best 
accuracy required. 

Selsyn carrier frequency determines the rate of 
sampling the position information. For example, when 
a full-wave discriminator is used with a 400-cycle 
carrier, the sampling rate is once every half cycle or 
800 times per sec. If too low a sampling rate is used, 
the frequency response of the servomechanism is im- 
paired; furthermore; the carrier frequency is modu- 
lated over too wide a range. The higher the carrier 
frequency, the shorter the distance one cycle repre- 
sents on the tape. This increases the effect of random 
phase shifts between channels. It further means that 
a given distance along the workpiece will represent 
a shorter distance along the tape. This, of course, 
is in the direction of reduced accuracy. 

The distance one cycle represents along the tape 
is also proportional to tape speed. However, the 
faster the tape speed, the larger and more costly the 
quantity of tape required per recording. 

Since phase is analogous to position, when a feed 
is at rest, the signal representing feed has a fixed 
phase relationship to the reference and has the same 
frequency as the carrier. When the feed is moving at 
a constant speed, there is a constant rate of change of 
position and, thus, a constant rate of change of phase. 
Since frequency is the rate of change of phase, the 
carrier frequency has added or subtracted from it a 
frequency proportional to the feed speed. Thus, the 
carrier is frequency modulated as a function of feed 
speed. If the per cent frequency modulation of the 
carrier is too great, appreciable phase shifts. changes 
in amplitude, and waveshape distortion will result. 
If the modulation frequency were to reach 100 per 
cent, the resultant frequency would be double the 
carrier frequency for one direction of selsyn rotation 
and drop to zero for the other direction. Such a 
result is obviously not practical. 

The success with which good waveshape of the 
correct phase is maintained and applied to the feed- 
back selsyns determines the resolution accuracy ob- 
tainable in one revolution of the selsyn. All the factors 
named, directly or indirectly, affect the waveshape and 
phase. In addition, the design of the circuits affects 
them. Amplitude variations, phase variations between 
channels, and “wow” must be minimized. 

The ratio of maximum feed traverse speed required 
to the best accuracy required must be considered in 
selecting the selsyn gear ratio and in determining if 
a two-speed system is required. The gear ratio, in turn, 


108 


affects the accuracy. Thus, as is typical in all engi- 
neering, it is necessary to compromise among a num- 
ber of variables to obtain the optimum result. 

Since the machine being controlled is part of the 
closed-loop servo system, machine characteristics must 
be considered in determining system performance and 
accuracy. Backlash, wind-up, slide cocking, and other 
lost motion should be kept to an absolute minimum for 
best performance. Steady-state accuracies of one-quar- 
ter of the backlash can often be obtained. However- 
dynamic performance is greatly affected by any lost 
motion. For a sudden feed reversal, the tool wil] 
stand still while the motor goes through the backlash, 
and the system cannot accurately follow the directive 
signal at high speeds. Breakaway friction, running fric- 
tion and inertia all affect performance. The feedback 
and stability circuits are designed in a versatile manner 
to minimize these for a wide range of machines. 
Machining errors such as work and tool deflection, 
must also be considered in the accuracy of the final 
workpiece. OO 
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Voltage and 
Vibration Effect on 


Motor Insulation 


Test methods and results evaluating simultaneous application 
ot voltage stress and mechanical stress to simulated coil assemblies 


and “model” motors under various aging conditions. 


A. T. McClinton, E. L. Brancato and R. S. Phillips — to recognize the important factors for integration in 
Shipboard Systems Branch, Electricity Division the test procedure. 
Navat Researcu LABoraTtory Procedures for determination of the life-temperature 


characteristics of insulation systems as outlined in the 
proposed AIEE test code (1)* recognizes environ- 
mental factors such as voltage stress, mechanical stress, 
heat cycling, and humidity, but proposes to subject 
the test specimen to each of these factors in sequential 
cycles. It is observed in practice, however, that all 
of these factors, with the exception of humidity, are 
applied simultaneously. The relative humidity, even 
when high during the operating period, is of little 
significance until the material has a temperature near 
the ambient temperature. 

To find the more realistic test method for laboratory 
use, a study was conducted to determine the effect 
of voltage and mechanical stress and to observe the 
, difference in effect of continuous versus cylic appli- 
wpepeeyegy ay cation of the stress during heating. The details of the 
two test methods will be outlined later. 


THE PREPARATION OF TEST CODES intended to outline 
methods for evaluating systems, components, or 
materials always stirs the question: “Have all the 
factors that can produce measurable and _ significant 
changes in the results been included in the proper 
manner?” The experimental determination of life- 
temperature characteristics of electrical insulation and 
of insulating systems leads to the same question. If 
the material is evaluated by application of actual 
service conditions, it is fairly certain that all the 
significant factors that affect its performance have been 
considered. Laboratory studies usually do not attain 
such elaborate conditions; it thus becomes necessary 
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Intensity of Stress. Tests designed to show the effect 
of voltage stress and vibration were conducted with 
small test coils shown in Fig. 1. These coils were 
wound with 100 ft of No. 26 wire insulated with the 
material to be subjected to test. A shorter coil (2 ft) 
and with the same insulation was wound bifilar with 
the test coil at its geometric center. This latter coil 
served a threefold purpose as follows: 


l. A voltage stress of known magnitude was ap- 
plied between its turns and the adjacent turns of the 
test coil to provide dielectric stress. 


FIG. 1—Test coils for determining effect of voltage 2. Insulation failure was detected by current flow 
- ‘ —_ . . . yi 
stress and vibration. Coils are wound with No. 26 between it and the main coil. 


wire insulated with material under test. © Fealic’ ssmunense.. tei peunebdieisnapelie Sw alend: -palegenies! 0: ul a ae 
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FIG. 2 (Above)—Twenty of the test coil assemblies suitably ar- 
ranged on copper rod for cyclic testing, as detailed in text. 
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FIG. 3 (Left) — Effect of 
voltage on life 
insulated coils at 160 C, 1.0 g 
vibration. (Lines “a-b” rep- 
resent 95 per cent confidence 


of Formex- 


FIG. 4 (Right) — Effect of 


10 20 30 90 
Dielectric stress, volts, d-c 


3. The temperature in the region of the failure was 
obtained by change in the coil resistance. 


Twenty of these coil assemblages were placed on a 
%-in. diam copper rod, as shown in Fig. 2, and the 
entire assembly was wrapped with asbestos tape to 
reduce the temperature gradient. The wires from the 
several windings were brought out to plugs for ex- 
ternal circuit connections. The coils were placed on 
a shock-mounted box in an oven at a constant ambient 
temperature of 60 C. Vibration was induced by a 
small motor with an unbalanced rotor and mounted 
on the box. The required temperature of the insulation 
was attained by passing the necessary heating cur- 
rent through the test coil itself. 

Coils insulated with heavy Formex insulation were 
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vibration on life of Formex- 
insulated coils at 35 volts d-c. 


subjected to a cycle consisting of 100 hr heating at 
160 C followed by 64 hr or 100 per cent relative 
humidity at 30 C. All coils were subjected to vibration 
of 1 g amplitude during the heating portion of the 
cycle; the d-c voltage stress was 4.5, 10 and 25 and 50 
volts respectively for four tests. Twenty samples were 
tested to 90 per cent failure at each voltage. These 
data were treated statistically in accordance with 
the methods outlined in a companion paper. (2) The 
results, presented in Fig. 3, shows a strong dependence 
betwen insulation life and voltage stress. For example; 
an increase in dielectric stress from 10 to 25 volts 
causes a reduction of approximately 35 per cent in 
the mean value of insulation life. 

The effects of vibration were determined also for 
Formex-insulated coils. The material was subjected 
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A. AGING PROCEDURES FOR COIL TESTS, GLASS-FORMEX INSULATION 


I. CONTINUOUS APPLICATION OF STRESSES 

















Heat aging 





Cooling to ambient temperature Humidification 


of 26C 
Heating by internal losses eee eT 100% RH 
Temperature: 290C Dielectric stress: O Temperature: 30 C 
Dielectric stress: 35 volts Vibration: O Dielectric stress:O 
Vibration: 1.0 g 


Vibration: O 


eee 28 hl 4 ee OD 










II. CYCLIC APPLICATION OF STRESSES 
Heat aging Dielectric Cooling to ambient Vibration Dielectric Humidification Dielectric 


in oven stress temp of 26C stress stress 
Temp: 290C 290C Dielectric stress: O Temp: 26C 26C 100% RH 26 C 
Dielectric 35 volts Vibration: O Dielectric 35 volts Dielectric stress: O 35 volts 
stress: O Vib: O stress: O Vib: O Vibration: O Vib: O 
Vibration: O Vibration: 10g 







<——28hr— <1tmin—~ <4 hbr—_—_— <Ithr—_ <Iimin—m <— 48 be — <—i5 min— 


8 AGING PROCEDURES FOR MODEL MOTOR TESTS’ (TEST NUMBER 1) 


I. AIEE TEST CODE 










Heat aging Dielectric Cooling to ambient Vibration Dielectric Humidification Dielectric 
stress temp of 26C stress stress 
Temp: 210 C Temp: 210C Dielectric Temp: 26C 26C 100% RH 30 C 
Dielectric ‘ Phase and ground stress: O Vib: 15g 600 volts Temperature: 30 C 600 volts 
stress: O stress: 600 volts Vibration: O Dielectric and 120 Vibration: O and 120 
' Vibration: O Turn-to-turn stress: O volts Dielectric stress: O volts 
: stress: 120 volts Vib: O Vib: O 


Vibration: O 


<_—i6éhe— <1 min—— <—30min— <—ItIhre— <I min <—72 hr—>-_ < 15 min> 


I. CONTINUOUS VIBRATION 



















Heat aging Dielectric stress Cooling to ambient Humidification Dielectric stress 
temperature of 26 C 
Temperature: 210 C Temp: 210 C Dielectric stress: O 100% RH 30 C 
Dielectric stress: O Phase and ground Vibration: O Temperature: 30 © 600 volts and 
Vibration: 1.5 g stress: 600 volts : Dielectric stress: O 120 volts 
Turn-to-turn Vibration: O Vib: O 
stress: 120 volts 
Vibration: O 


<— 16 hr ——_—_—_—> 1<=— 1 min—— _~—<=——_ 30 min _ <=—72n-—-—-—_— <= 5b min—-—-—~— | 


Il CONTINUOUS DIELECTRIC STRESS 












Heat aging Cooling to ambient Vibration Dielectric Humidification Dielectric 
temp of 26C stress _stress_ 
Temperature: Dielectric stress: O Temp: 26 C 26 C 100% RH Specimen 
210 C Vibration: O Dielectric 600 volts Dielectric stress: O removed from 
Phose and ground stress: O and 120 Vibration: O humidity, placed 
stress: 400 volts Vib: 15 g volts in oven and 
Turn-to-turn Vib: O stress applied 
stress: 25 volts 400 volts and 
Vibration: O 25 volts 
Vib: O 





<—16hr— <—30 min— S <1 hr > s <<—- I min SO << 72 oF ss + ——— 15 min 


. Note: In test No. 2 the heat-aging period was 48 hr at 200 C 


FIG. 5—Cycling chart for aging procedures for coil test using continuous and cyclic application of 
stresses, and model motor tests using AIEE Test Code, continuous vibration, and continuous dielectric stress. 


NOVEMBER 1953 lll 











































































































































































































































































Table I—Aging Characteristics of 
Glass-Formex Insulated Coils 


l 
Number of | Continuous application of | Cyclic application 


failures | stresses, hours of life of stresses 

l 340 As of 723 hr 
z 397 no failures had 
3 179 occurred, 

1 506 

5 533 

6 962 

7 562 

8 566 

9 580 
10 616 
11 616 
12 669 
13 669 


Table Il—Aging Characteristics 
of Class A Insulation Systems 
in Model Motors 


Test No. 1 at 210 C Heat Aging for 16 hr 


Continuous AIEEE 
vibration, test code. 
stress, hr hr hr 


Number Continuous 
of | dielectric 
failures 


16 30 62 
62 30 62 
62 62 62 
62 62 62 
62 78 TE 
78 78 re 
110 9} 9 
110 91 91 
110 91 

110 


Test No. 2 at 200 C Heat Aging for 48 hr 


Continuous AIKK 
vibration, test code, 
stress, hr hr hr 


Number Continuous 
of dielectric 
failures 


156 156 108 

204 156 156 

204 156 156 

204 156 156 
156 156 
156 156 
156 156 
204 204 
204 204 
204 


Onl D Vie who 





to 35 volts d-c dielectric stress at 0, 1.0, 1.9 and 5 g's 
maximum acceleration for an aging temperature of 
160 C. Test results appear in Fig. 4. 

It is again observed, as with dielectric stress, that an 
increase in vibration from zero to 5.0 g’s causes a 
pronounced reduction in the mean life of the insula- 
tion. The effect, however, is much greater at the 
higher values of vibration. It should be recognized that 
forced vibration has not been the only source of 
mechanical strain; the heat cycle also produces stress 
in the insulation. At the lower values of vibration this 
stress is undoubtedly predominant. Thus the life of 
the dielectric shows less dependence on vibration. If 
the stress from temperature change is increased due to 
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the thermal shock of sudden temperature changes, 


its effect could easily overshadow that produced by 
vibration. 





Cyclic vs Continuous Stress. Two distinctly different 
tests and test procedures were employed to show 
the difference between continuous and cyclic appli- 
cation of electrical and mechanical stress. The first 
of these employed the coils previously discussed and 
shown in Figs. 1 and 2. One set of 20 coils was in- 
ternally heated (by the copper losses) to obtain the 
desired insulation temperature and at the same time 
was subjected to electrical and mechanical stress, 
Another set of 20 coils was heated in an oven at the 
desired insulation temperature. Mechanical and elec- 
trical stresses were applied separately. The details of 
these aging procedures are shown in Fig. 5A. 

The twenty coils subjected to aging procedure No.] 
(continuous application) were operated for a total 
heat-aging time of 669 hr, at which time 13 of the 
original 20 coils had failed (see Table I for details). 
On the other hand, no coils had failed after 723 hr 
total heat-aging time in aging procedure No. II (cy- 
cling application). This difference in life can be at- 
tributed in part to variations in time of application 
and duration of the electrical and mechanical stresses. 
It is evident that either or both of these factors have 
a fatiguing effect on the insulation, thus causing 
a shorter observed life where they are applied simul- 
taneously with heat aging. 

It is possible that external heating may produce 
different results than internal heating of the coils. 
Experience has indicated that the results of the two 
methods will be nearly the same; however, no quanti- 
tative data are available to substantiate this. It is 
known that hot-spot temperatures have not existed in 
the internally heated coils in the area where failure 
is detected to produce the variation in results shown 
in Table I. Since these tests on the coils represent the 
effects of vibration and dielectric stress only on the 
magnet wire insulation, a second experiment was per- 
formed with insulated structures. 

The second set of tests employed model motors 
similar to those described in the AIEE Test Code 
(see Fig. 6). The models used in this study were 
insulated as follows: Magnet wire, No. 22 H.F. For- 
mex; phase insulation, 7-mil varnished cambric; slot 
liner, 15-mil fishpaper; slot wedge, glass-cloth-mela- 
mine; and impregnation, clear baking varnish. Ten 
of these model motors were subjected to a cyclic test 
condition consisting of oven heating (heating the 
dielectric by means of a high ambient temperature) 
followed by application of mechanical and dielectric 
stress. A second set of 10 model motors was subjected 
to the same conditions except that the vibration was 
applied simultaneously with the heating. A third set 
was also subjected to a similar cycle as the first except 
that the dielectric stress was applied simultaneously 
with heating. The details of the three procedures are 
presented in Fig. 5B. It will be noted that one complete 
set of tests was conducted at a 210 C heat-aging temp- 
erature for 16 hr per cycle, whereas the next was 
at 200 C for 48 hr per cycle. 

These tests were terminated after 62 and 204 hr 
respectively with the results shown in Table II. At 
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FIG. 6—Typiecal AIEE Test Code model motor uti- 
lized for studies on insulation systems comprising 
Formex, varnished cambric, fishpaper, glass-melamine 
and varnish impregnation. 


that time, it was noted that there was no significant 
difference between the results of the three test pro- 
cedures. This observation, however, is believed to 
have arisen from the effect of another factor over- 
shadowing the effect of dielectric stress and vibration. 

The test procedure charted in Fig. 5B, and thus in 
the proposed AIEE Test Code, allowed for removing 
the model motors from a room ambient condition of 
approximately 25 C to an oven ambient of 210 C or 
200 C. At the end of the heat-aging period, they 
were taken from the high oven temperature and 
placed in a room ambient of approximately 25 C. This 
sudden change in ambient conditions, along with the 
low mass of the coil structure, results in a sudden 
thermal shock to the insulation structure. This was 
evidenced audibly by crackling of the materials, 
particularly upon removal from the oven. Although 
experimental data are not available to show the contri- 
bution of this thermal shock to the insulation charac- 
teristics, it is considered to be at least equal in 
importance to the dielectric stress and_ vibration. 
Further tests are necessary to determine whether it 


has masked entirely the effects of these stresses, thus 
producing an unrealistic condition. 


Summary. Experimental studies reveal that elec- 
trical and mechanical stress has a pronounced effect 
on the life-temperature characteristics of magnet wire 
insulation. Furthermore, its application simultaneously 
with heat aging produces an added fatiguing effect 
on the dielectric. On the other hand, this fatiguing 
action was not noted in the insulation structures of 
the model motors. The test procedure employed with 
the model motors, however, permitted rapid heating 
and cooling to cause thermal shock. 

The relative expansion and contraction of com- 
ponents in the insulation structures create stresses, 
though unmeasured, that may be quite large in mag- 
nitude and, hence, in effect. These stresses, un- 
fortunately, operate upon the two generally weaker 
strengths of materials, namely, tensile and_ shear. 
The rapid heating and cooling can conceivably con- 
tribute deleterious forces that overshadow and mask 
the electrical and mechanical stresses to which elec- 
trical equipment is normally subjected. 

If these deductions are corroborated by experience, 
as the authors feel they will, it follows that a valid test 
procedure must acknowledge these effects and apply 
measurable limits to both the rates of heating and 
cooling as well as environmental conditions. OO 
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constructed — and 
tested in accordance with the pro- 
posed AIEE Test Code, have been 
recently utilized in the evaluation of 
Class H_ insulation, as reported by 
]. F. Dexter and Elmo Earleywine, 
both of Dow Corning Corp., in a con- 
ference paper before the 1953 General 
Summer Meeting of the AIEE, The 
model motors were insulated with 
commercial silicone Class H compo- 
nents and glass-served magnet wire. 
The assembled models were given two 
dips in silicone varnish and baked in 
accordance with recommended prac- 
tice, 

Aging of the model motors was ac- 
complished by a sequence of ex- 
posures to elevated 


\LOTORS, 


temperatures, 


Evaluating Class H Insulation With Model Motors 


vibration, moisture and voltage as 
outlined in the AIEE Test Code. 
These stresses, when applied in the 
proper magnitude, will represent all 
of the stresses normally encountered 
in the operation of an electric motor. 

Elevated aging temperatures were 
obtained by placing the models in 
forced air circulating ovens. The tests 
on Class H materials were conducted 
at aging temperatures of 250 C, 275 
C and 300 C. Ten models were tested 
at each temperature. These tempera- 
tures deviate somewhat from the test 
code recommendations of 300 C, 280 
C and 260 C, 

The oven-aging periods were two 
days for the 300 C models, 8 days 
for the 275 C models and 28 days for 
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the models aging at 250 C. These 
periods are based on an estimated life 
expectancy so that each group will 
undergo approximately the same num- 
ber of test cycles. 

After each aging period, the models 
were subjected to vibration and mois- 
ture conditioning and then returned to 
the ovens. The vibration was main- 
tained for 15 min at 60 eps and a total 
amplitude of 20 mils. During the mois- 
ture cycle, the models were subjected 
to 100 per cent relative humidity at 
approximately 35 C for three days. 

Following each step in the test 
cycle, a high potential test was ap- 
plied and an attempt was made to 
measure insulation resistance, capac- 

(Continued on page 350) 
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Direct-Indicating 


Recording 


Instruments 


Graphic recorders perform a dual design function as 


research and development tools, and as integral parts 


of original equipment. Part I of this two-part article 


deals with recorders on the basis of applications and 


functional requirements. Part II will analyze design 


elements and operating principles of recording systems. 


S. R. Gilford, Electronic Instrumentation Laboratory 
NATIONAL BurEAU oF STANDARDS 


By MEANS OF SUITABLE transducer elements almost 
any physical quantity can be converted into an equiv- 
alent electrical signal and recorded. The proper choice 
of elements can be made to resolve events that occur 
concurrently and with great rapidity. Information 
thus obtained is indefinitely retained and can be util- 
ized at a rate best suited to human mental processes. 
Broadly speaking, the process of recording informa- 
tion permits the optimum adjustment of the rate of 
data production to the rate of assimilation. 

The graphic electrical recorder is an indispensable 
tool to the scientist and engineer in many fields. In 
the design of circuits that include nonlinear elements, 
vacuum tubes, etc., the circuit engineer may gain a 
better understanding of their complexities by record- 
ing simultaneously the wave forms at selected points. 
Engineering problems encountered in the design of 
power-system equipment may be investigated with 
the aid of recordings of the transient behavior of im- 
portant circuit elements in response to abnormal line 
conditions. Dynamic properties of steel and other 
structural materials can be explored through the 
medium of recording. The dynamic behavior of air- 
craft structures, for example, virtually impossible to 
predict completely, also may be obtained through 
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simultaneous recordings of stress, strain and vibration 
at selected points in the structure. 

In short, there is hardly a field of scientific endeavor 
that has not at one time or another made use of the 
technique of recording as a tool for expanding the 
knowledge in that field. It is with the hope that fuller 
use be made of the facilities available for recording 
that this article undertakes to survey the field of 
recording instruments and to summarize briefly the 
characteristics of recorders commercially available, 
recorders that have been used in the past, or have 
possibilities for the immediate future. 


General Factors in Recorder Selection 


Factors that influence the selection of suitable 
recorders for varied uses in science and engineering 
are not always easy to define. The wide range of 
available types further complicates the selection. 
Essentially, the conditions of the problem dictate the 
final choice of the recording system. Certain “conven- 
ience” elements may be influencing factors, but, 
except for a relatively narrow range of the recording 
spectrum, these elements must occupy a secondary 
role. 

For the purpose of this discussion let it be assumed 
that a recording system under consideration fulfills its 
primary function adequately, that is, it portrays the 
input signal with the required accuracy. The other 
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A Selection of Commercial Graphic Recorders 


(A) Null-balance recorders; left, a Brown Instru- 
ment unit; right, Leeds & Northrup. (B) Mechanism 
for another type of null-balance recorders (Foxboro 
Co. Dynalog) using balancing capacitor for the 
variable element and a solenoid driving system. (C) 


qualities of the system that affect its usefulness can 
then be examined. It will be seen, as the discussion 
proceeds, that many of these desirable secondary 
properties are incompatible with the accuracy require- 
ments and that only in a relatively limited region can 
the ideal recorder characteristics be attained. 


Sensitivity. The current or voltage required to pro- 
duce full recorder deflection defines the sensitivity of 
the recorder. To be satisfactorily recorded, the signal 
level must be of sufficient magnitude to produce de- 
flections not less than about 20 per cent of the full 
recorder span. This is a somewhat arbitrary limit 
based on broad considerations. Such factors as signal- 
to-noise ratio and the dynamic range of the signal as 
well as required accuracy all must be considered 
before low-amplitude recordings are rejected. But in 
general it is desirable to utilize the full amplitude 
range available on the recorder. 

Since the advent of the vacuum-tube amplifier, the 
sensitivity of the basic recording element has ceased 
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External view of Foxboro recorder showing use of 
circular chart. (D) Moving-coil instrument, utilizing 
oversize D’Arsonval movement for the positioning 
mechanism, made by Esterline-Angus Co. (E) De- 
tails of Esterline-Angus movement. 


to be the determining factor in recording low-level 
signals. Nevertheless, high sensitivity is an important 
quality of any recording system. It does make it pos- 
sible in some instances to dispense with the added 
complexity and expense of amplification systems; and, 
where this cannot be avoided, it permits a simpler 
form of the apparatus. 

It is probably true that the large majority of record- 
ing mechanisms are driven by vacuum tube amplifiers. 
Here, the sensitivity of the recording device deter- 
mines the power ratings of the driver tubes and the 
size of power supply to be used. Unless some other 
important considerations apply, such recorders should 
be at the least sufficiently sensitive to be driven from 
receiving-type vacuum tubes operating out of a mod- 
erate-capacity power supply. 


Input Impedance. Except where a recorder is 
operated directly from sources of ample power (for 
example, where power line conditions are being re- 
corded) there is considerable advantage in a rel- 
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NOTE: Part Il of this article provides a 


discussion, including schematics, covering 
the design and operating principles of the 


instruments illustrated on pages 115, 117. 


atively high recorder input impedance. When used to 
record directly, the high-impedance instrument causes 
a minimum of disturbance to the associated system. 
Where the recorder is driven from vacuum tubes (in 
themselves high impedance devices) a better transfer 
of power is obtained. Impedance matching devices 
can he used, but this added complication has certain 
objections, especially where it is essential to record 
frequencies down to direct current. 


Secondary Characteristics 


Those attributes of a recorder concerned with 
simplicity of operation and form of final data may be 
grouped under the term “conveniences.” They are not 
fundamental to production of faithful records and 
thus are not basic to performance. In some situations. 
however, they are so essential that considerable sac- 
rifice in fidelity is acceptable in exchange. These char- 
acteristics are now discussed in detail: 


Method of Registration. The means by which the 
permanent record is produced can be of the utmost 
importance in recorder utility. There are two basic 
methods of registration: (1) Indirect, in which a 
latent photographic impression is produced on the 
recording medium and must be processed before the 
record is available for inspection; (2) direct, in 
which the impression is immediately available. 

Direct registration makes it possible to decide im- 
mediately whether the required data have been 
obtained or whether additional records are necessary. 
It prevents the costly reproduction of experiments 
where poor results are not discovered until the records 
are processed. The saving in processing time is of 
great importance where further work must wait upon 
the results of prior records. 

While present direct registration methods are 
restricted to a limited region of the recording spec- 
trum, their advantages are so indisputable that con- 
tinued effort is expended on these methods throughout 
the recording spectrum. On the other hand, photo- 
graphic registration is more versatile and can be ap- 
plied throughout the recording spectrum. However. 
the need for careful handling of the sensitized mate- 
rials, the light-tight chambers, and the processing 
delays make this method inconvenient in some. sit- 
uations. 


Coordinate System. The output of a recorder is a 
plot of one variable against another. In conformance 
with experience and training such a representation is 
simplest to study and interpret in a system of recti- 
linear coordinates. Some recording mechanisms, par- 
ticularly among those that employ direct registration 
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make use of curvilinear coordinates because this is the 
form that emerges directly from the D’Arsonval type 
of positioning elements. Such representations are 
usable and accurate but, from the point of view of 
convenience, are less desirable than rectilinear ¢o- 
ordinates. 

Some of the rectilinear coordinate system recorders 
are actually conversions from a_ basic curvilinear 
mechanism in which the chord is used as an approxi- 
mation to the arc. Some error is introduced by this 
procedure and this will be discussed in detail when 
we consider factors affecting accuracy of recording. 


Chart Span. The maximum amplitude of recording 
determines the accuracy with which recorded data 
may be interpreted as well as the ease with which 
these recordings can be studied. Recorders vary in 
permissible chart span from the high-accuracy re- 
corders with spans up to 10 in. to the dynamic micro- 
recorders described in the literature, whose records 
must be examined with a special microscope. 

Most commonly used instruments today have charts 
that range from 2 in. to 10 in. in width. The high- 
speed dynamic recorders are generally limited to the 
minimum chart widths by considerations of driving 
power and system linearity. Multichannel units em- 
ploy charts commensurate with the number of chan- 
nels although the deflection limitations apply to the 
individual channels. 

Photographic recorders of the oscillographic types, 
as well as the slow-speed_ self-balancing recorders, 
are able to utilize wide chart spans to the best 
advantage. 

The conditions of the problem are the determining 
tactor in selecting record size. In general, the larger 
the record the easier it is to work with. 


Cost. Major economic factors are initial expenditure 
for the recording system and operating cost. To the 
engineer who must design a recorder into a unit of 
finished equipment, the initial cost is of great impor- 
tance. He must weigh the advantage of a simpler and 
more economical recorder mechanism, with perhaps 
low sensitivity, against the increased cost of the re- 
quired driving unit. His choice of recorder should not 
mean increased operating cost to the consumer unless 
this carries with it increased advantages in terms of 
convenience. 

Operating cost consists primarily of cost of record- 
ing paper and processing. Prepared papers represent 
increased cost over the pen-and-ink type of registra- 
tion. Photographic paper is an even more expensive 
type of paper, to which must be added the cost of 
processing. Obviously, for any type of paper increased 
record size (as previously discussed) means greater 
cost. 

Particular applications will dictate the choice of the 
type of registration that must be used, but where a 
free choice exists an ink system using untreated paper 
is certainly preferable from the standpoint of econ- 
omy. This is of significance where many recorders are 
in operation on a 24-hr basis for routine records. 


Reliability. Some recorders are required to function 
for long intervals of time with direct supervisory con- 
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(F) General Electric type CE photoelectric recorder. 
(G) Single-channel recorder and amplifier, utilizing 
magnetic pen motor, made by Brush Electronics Co. 
(H) High-speed 


(1) Stripped or skeleton recorder assembly (Sanborn 


multichannel Brush oscillograph. 


trol, and without maintenance of any kind. The utmost 
in reliability is thus needed both in the system of 
registration and in the recorder mechanism. Certain 
types are designed for continuous service and have 
undergone long periods of engineering development 
and modification on this basis. These recorders can be 
depended on to perform consistently and_ reliably 
over long periods of time. Other types of recorders 
are definitely designed only for short and intermittent 
periods of operation under full supervision. 


Portability. In some applications, it is very impor- 
tant that the recording system be portable. This means 
not only light weight but also ruggedness, ability to 
withstand reasonable handling, and to be put in 
operation with a minimum of effort and time. 

Most electrocardiographic recorders manufactured 
today are built in portable form to permit the physi- 
cian to make records at the patient's beside. Other 
applications where a great deal of field measurement 
is done and portabilitv is important, include geo- 
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Co.) suitable for experimental equipment and de- 


velopment work. 


Assembly incorporates magnetic 
pen motor and heated stylus. (J) Hathaway Student 
Oscillograph, a portable -unit providing eight record- 


. 5 : 
ing channe:rs, 


physical prospecting, transmission line studies, and 
field strength measurements. 


Multichannel Recording. In certain applications, it 
is necessary to record a multiplicity of variables as a 
function of time in order to determine the interplay of 
elements in a system. Some types of recording mech- 
anism are very adaptable to parallel operation of 
recording elements. In many instances this is simply 
‘i question of mechanical dimensions; in others it de- 
pends on the type of registration employed. Where 
multichannel operation is required, the adaptability 
of the recorder to this situation must be considered. 
Accuracy of Recording 

Primary requirement for a good recording system is 
its ability to render a faithful graphic image of the 
input. These features of a recording system that are 
concerned with simplicity and convenience have al- 
ready been discussed. Many of these features are so 
important that, lacking them, a recorder may not be 
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FIG. 1—Frictional forces created by pen or other recording 
elements moving against chart paper. In drawing A, force 
F,,,, is a function of paper speed, coefficient of friction, and 
weight of recording stylus; F., is a component acting to 


useful in some applications. Unless it is capable of the 
required accuracy, however, it is pointless to even 
consider these other qualifications. It will become 
apparent in this discussion that certain of the second- 
ary requirements, set forth as desirable, are for the 
present incompatible with accuracy requirements. 


Linearity. In a linear recorder the displacement 
measured on the record is proportional to the ampli- 
tude of the corresponding electrical input signal. This 
proportionality must hold throughout the full span of 
the record if it is to be an accurate representation of 
the signal. 

A common form of nonlinear distortion, as it is 
called, is that in which the displacement per unit 
input signal decreases at the extremities of the record- 
ing span. A signal recorded under these conditions 
displays a characteristic flattening or clipping of 
peaks. 

Causes of this difficulty in a d’Arsonval type instru- 
ment can be traced to the geometry of the magnetic 
structure and air gap, and to the extremes of angular 
displacement required of the coil system. Where 
vacuum tubes are used for driving elements, inade- 
quate provision for maximum current requirements 
may be at fault. 

With reasonable care in design of the magnetic 
structure, restriction of angular displacement to small 
values, and a provision for sufficient driving power, 
this form of distortion need not be a serious factor in 
most recorders. Since this is a relatively simple matter 
to check, most users of unfamiliar types of recording 
equipment should run a few simple tests if good 
linearity is of importance. Actually a certain amount 
of nonlinearity is tolerable in all but the most exacting 
work. In some instances (discussed in detail later) the 
advantage of rectilinear recording is purchased at the 
expense of some distortion of this character. 

Though most recorders are linear devices, for cer- 
tain application it is desirable to employ other input- 
output relationships. For example, where a dynamic 
range of several decades is required, it is convenient 
to use a logarithmic relationship. In self-balancing 
potentiometers it is a fairly simple matter to obtain 
this relationship as well as other functions. Such func- 
tions can be recorded with an accuracy determined 
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produce a counter torque to deflections from centers. In 
drawing B, F,, is frictional force arising from pen move- 
ment. 9, represents angle at which restoring torque equals 
torque from Fi, (See text for detailed analysis.) 


by the care with which the balancing slide wire is 
constructed. 


Frictional Effects. Many recorders employ a pen or 
similar device in direct contact with the chart. The 
resultant frictional forces can cause recording errors. 
While these forces are relatively small, in some re- 
corders that operate directly on small currents, the 
torque developed by the galvanometer is also small 
and comparable to the friction forces. 

The illustrations that follow apply, in the main, to 
these high-sensitivity, low-stiffness systems. They may 
also be of importance in direct-writing systems where 
it is necessary to faithfully record small deflections 
about the zero position. Under these circumstances 
frictional forces are important in any _ recording 
mechanism. 

Frictional forces exerted on the recording stylus are 
illustrated by Fig. 1. Drawing A demonstrates the 
force that results from motion of the recording chart 
under the pen. Force Fy» is a function of paper speed, 
coefficient of friction, and weight of the recording 
stylus. A component of F,,, F,, acts in a direction to 
produce a counter torque to any deflection from the 
center position. The magnitude of this torque depends 
on the magnitude of F,,, and the angular deflection of 
the recording stylus. This effect becomes small when 
6 approaches zero. 

At this point another frictional force assumes great 
importance. The motion of the pen itself gives rise to 
frictional force which acts to oppose its movement. 
This force is dependent upon the coefficient of friction 
between paper and pen and upon the weight of the 
recording stylus. As shown at B, frictional force Fy, 
is important at the point of zero deflection where the 
restoring torque may be small. In the illustration, an 
error 6, represents the angle at which the restoring 
torque is just equal to the frictional torque arising 
from F,,. 

In a similar manner it can be seen that input signals 
must exceed a minimum threshold level before any 
movement of the pen occurs. This is of importance 
where small details must be recorded faithfully. 

Some recorders have overcome the problem of the 
small deflection error due to friction by superimposing 
a high-frequency mechanical disturbance on the re- 
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cording stylus sufficient to overcome static friction but 
with no effect upon the record. Usually, however, fric- 
tional forces are kept sufficiently small by counter- 
balancing the recording pen to the point where it 
bears on the paper only with sufficient force to give 
satisfactory inking. 


Speed of Response. The accurate portrayal of varia- 
tions in the input signal requires a recording mechan- 
ism capable of responding to the fastest variations 
present in that signal. The speed of response is one 
of the most important attributes of a recording system. 

The latter consists basically of a positioning element 
that converts the input to a displacement, and a regis- 
tration element that transfers this positional informa- 
tion permanently to the record. In photographic re- 
corders the positioning member may be a coil and 
mirror or a cathode-ray oscilloscope both of which 
position a light spot on an appropriate place on the 
sensitized paper or film. The registration mechanism 
is a photochemical reaction by means of which the 
light impinging on the sensitized surface leaves a per- 
manent record. In instruments that register directly, 
the positioning element is a coil that moves a pen to 
the displacement appropriate to the input signal. The 
registration mechanism is the transfer of ink by the 
pen to the paper leaving a permanent record of the 
coil displacements. 

The positioning element determines the character- 
istic behavior of the recorder with regard to speed of 
response. Since the form of this element is primarily 
dependent on the type of registration device that must 
be displaced, there is a considerable interdependence 
of these two elements. 

Necessarily, the positioning element must be able 
to displace the registration device in conformance with 
the input signal. When the positioning element is no 
longer able to follow the input signal, then the useful 
limits of the recorder have been exceeded. With the 
exception of a few types, notably the cathode-ray 
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FIG. 2—Basic pen motor utilizing ink. 
A is aluminum tubing through which 
ink is fed to reservoir shown at B. 
(Source: Brush Electronics Co.) 


oscillograph and several other special devices, the 
positioning elements of most recorders are electro- 
mechanical devices that convert electrical signals into 
mechanical displacements as a preliminary to regis- 
tration. 

The inertia of these mechanical systems places the 
ultimate limits on the speed of response. The force re- 
quired to accelerate the mass of the positioning ele- 
ment carrying the registration mechanism increases as 
the square of the driving frequency for sinusoidal exci- 
tations. Even with unlimited amounts of driving power 
available, which is not a practically realizable condi- 
tion, the increased stresses on the recorder mechan- 
ism require a stronger structure. This invariably leads 
to the vicious cycle of more mass, more driving 
power, etc. 


Limitations on Speed of Response. Where do these 
limitations begin to have their effect on practical re- 
corder designs? To answer this question properly we 
must consider the character of the registration mech- 
anism. Registration devices that give an immediate 
and direct record are admittedly most desirable. Un- 
fortunately such mechanisms as are available for this 
purpose are comparatively massive and as a conse- 
quence limited in response. A high-speed recorder 
employing some of the common forms of direct reg- 
istration, and having a maximum recording amplitude 
in the order of 4 or 5 cm, is limited at the present time 
to frequencies of about 100 cps on a sinusoidal re- 
sponse basis. 

A more detailed description of three common forms 
of direct registration mechanism gives some insight 
into the nature of this limitation: 


The Ink Writer. A special low-viscosity, nonclog- 
ging ink is used to record on untreated paper. The ink 
is fed to the tip of the pen from a reservoir through 
light flexible tubing by capillary action aided at the 
rapid writing rates by centrifugal force. 

Fig. 2 shows the basic pen motor employing ink as 
used in instruments manufactured by the Brush 
Electronics Company. The ink is fed from a reservoir 
through aluminum tubing to the glass tip of the writ- 
ing stylus. When operating properly the ink writer is 
capable of producing a sharp, easily resolved record. 
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But, although economical to operate, the ink writer 
may be troublesome in the matter of clogged pens 
especially where long periods on the shelf alternate 
with periods of service. At the rapid writing rates 
there is a tendency for ink to be spattered by the 
large centrifugal forces encountered at the pen tip. 
For shipment and transport the ink writer requires 
careful preparation to avoid spilled ink. 

One other characteristic of the present day ink 
writer is that the coordinate system is curvilinear and 
cannot conveniently be made rectilinear. This charac- 
teristic is only significant in terms of the other two 
systems to be discussed, both of which can fairly 
readily be made rectilinear. 


The Hot Stylus Recorder. A visible indication is 
produced on a treated recording paper by means of a 
hot stylus that develops a permanent chemical or 
physical change in the paper as a result of heat trans- 
fer. This type of registration mechanism, like the ink 
recorder, is capable of a high-quality record, although 
the special paper imposes higher operating costs. 
Many of the disadvantages of ink, such as clogged 
pens and spilled ink are eliminated. The writing stvlus, 
however, is subject to its own maintenance problems 
by way of burned-out heating elements. 

Fig. 3 shows one type of hot-stylus recording-pen 
motor manufactured by the Sanborn Company as the 
basic mechanism for its line of single- and multiple- 
channel recorders. The ribbon at the end is heated by 
current delivered through the truss-like structure 
which serves a dual purpose as a rigid mechanical 
support and as a current conductor. An additional 
advantage of the hot-stylus record is the ease with 
which it is adapted to rectilinear recording. There 
are two methods currently used for rectilinear con- 
version: 

1. The construction of the recorder is such that 
the stylus contacts the recording paper only on a 
straight edge over which the recording paper is fed. 
The recording is done over the chord rather than the 
arc as in the conventional system; for the small angles 
used, this method introduces only negligible errors. 
The heated area of the pen is made long enough so 
that contact can be maintained over the extremes of 
angular displacement. Fig. 4 (A) shows the elements 
of this system. 

2. The second system (used in instruments manu- 
factured by the Cambridge Instrument Company ) 
records in true rectilinear coordinates by making the 
recording paper conform to the curvature of a cylinder 
with the pen rotating on the axis of this cylinder. 
This method, illustrated in Fig. 4 (B) involves no 
approximation. 


Current-Sensitive Paper. The third method of 
direct registration makes use of a specially prepared 
current-sensitive paper of the Teledeltos* type used 
in facsimile recording. The stylus of the positioning 
element is maintained at a potential of approximately 
100 volts with respect to the paper which is in con- 
tact with the ground system of the recorder. Current 
conducted through the paper causes an electrochem- 
ical change which marks the paper permanently. 


* Trade name for Western Union product 
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Operating cost is about the same as with the hot- 
stylus writers, since prepared papers are used in both 
methods. The stylus structure of the Teledeltos_re- 
corder is simpler, consisting only of a pointed strip of 
sheet metal which bears very lightly on the recording 
paper. Frictional effects between paper and stylus can 
be expected to be considerably smaller than in the 
corresponding ink or hot-stylus recorders. The legibil- 
ity of the record does not appear to be as good as in 
the ink or hot-stylus systems, but nevertheless is 
quite readable. 

All of these systems are comparatively massive in 
order to develop the required positioning forces. Re- 
corders utilizing these mechanisms are therefore lim- 
ited to frequencies below 200 cps. To record at higher 
speeds, photographic methods of registration are re- 
quired, since these use positioning elements of small 
size and mass. 

Recorders that use photosensitive registration sys- 
tems depend for their action on the energy transferred 
by a lightbeam to the photosensitive recording mate- 
rial. The positioning system required to transfer such 
infinitesimal amounts of energy can as a consequence 
be made extremely small and light. 

A larger number of such recorders are of the elec- 
tromagnetic type. In these devices electrical signals 
are converted into the mechanical movement of ele- 
ments which affect in some manner the position of a 
beam of light that ultimately impinges on the photo- 
sensitive recording material. 

The mass of the moving element of these magnetic 
oscillographs can be made quite small since it consists 
simply of an extremely small mirror on a stretched fila- 
ment. Although its maximum excursion is also small, 
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FIG. 3—Flat-stylus recording-pen motor. Ribbon- 
like element at end of triangular structure is 
electrically heated. (Source: Sanborn Company) 


FIG. 4—Two methods for retilinear recording 
to which the hot-stylus record is easily adapt- 
able. A Recording is done over the chord rather 
than the are. B Recording conforms to curva- 
ture of cylinder. 
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it yields large deflections at the recording paper by 
means of long optical levers. These factors make it 
possible to extend the range of the electromechanical 
recording system by almost two orders of magnitude 
over the direct-writing system. 


Resolution. No discussion of recording is complete 
without some mention of resolution. Resolution of a 
system is here defined as the minimum time interval 
between two recorded events that can be distin- 
guished as two distinct events on the record. Regard- 
less of the ability of the positioning mechanism to 
follow the fastest fluctuations in the input signal, a 
record may be of little value unless resolution is ade- 
quate. Resolution depends on the speed with which 
the recording material passes under the registration 
mechanism and to a lesser degree on the dimensions 
of the recorded line. The velocity of the recording 
paper must be so chosen as to separate the com- 
ponents of the signal. 


Writing Rate. This is a basic property of the regis- 
tration mechanism. It describes the maximum rate at 
which positional information can be transferred to 
the recording paper. Even if the positioning mech- 
anism could follow the fastest input signal, no record- 
ing would be possible if there were insufficient time 
to transfer this information to the chart. Direct regis- 
tration mechanisms which depend on the flow of ink 
to paper, changes in coated paper by thermal trans- 
fer, or changes due to current passing through the 
paper have comparatively slow writing rates. In the 
direct-recording systems in which they are used, they 
are usually satisfactory over the response range of the 
positioning element even at tape speeds of 6 in. per 
sec, the highest usually encountered. 

For higher speed recording it is necessary to go 
back to photographic techniques. Through suitable 
combinations of intense light sources and high-sensi- 
tivity recording materials these techniques provide 
writing rates as high as 9000 in. per microsec. 


Recorder Systems 


In Part II of this discussion® specific recorder sys- 
tems will be described in terms of their characteristics 
and limitations. Recorders and recording systems will 


* To appear nm the next issue The Editor 


NOVEMBER 1953 





be analyzed in order of increasing speed of response, 
since this is perhaps one of the most important single 
characteristics affecting the choice of recorder. ( Ref- 
erence bibliography will appear with Part II.) OOO 
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TODAY’S DESIGN 





Universal 
‘Tool-Room 
Grinder 


For Repetitive Work 


Objectives in redesign reflected increased 


use for the machine in semi-production work as 


well as need for greater precision in tool-room 


work, and conformity to JIC Standards. 


A. L. Krause, Assistant Director of Design 
Emile Couture, Head, Grinding Machine Design 
Brown & SuHarpe Mrc. Co. 


BACK IN 1865, to produce needle bars and shafts 
for an early sewing machine in the Brown & Sharpe 
plant, a 14-in. Putnam lathe was converted to a uni- 
versal grinder. This conversion was so successful that 
the design of a specialized machine tool to function 
as a universal grinder was undertaken, and the first 
one, illustrated in Fig. 1, was exhibited at the Cen- 
tennial Exposition in 1876.* 

During the years that followed, this machine went 
through a number of detail design changes including 
the replacement of belt drives by separate built-in 
motor drives for the grinding wheel, headstock, table 
and coolant pump. Motor controls—first hung on the 
machine near each motor—later were designed in as 
shown in the second view. While the machine was 
employed to some extent for limited production 
work, the principal use was in tool rooms. The design 
emphasis was on precision and adaptability in the 
hands of a skilled operator. 





* See “‘History of the Invention of the Universal Grinding Machine,”’ by L. D. 
Burlingame, Machinery, July 1910, p. 877. 
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But more and more the universal grinder came into 
use for semi-production operations, imposing a new 
set of design requirements. There was, of course, a 
continuing strong demand for high precision in the 
hands of skilled tool room operators, where the need 
was for minimum setup time, and wider ranges of 
feed and speed. Easier addition of special features 
was also a requirement of growing importance. It be- 
came apparent that a basically new design was needed. 

The design problem for the new universal grinder 
thus became one of reconciling conflicting demands 
for greater accuracy and flexibility on one hand with 
reduced operator skill on the other. To be more spe- 
cific, changing developments in industry called for a 
universal grinder with: 


Better arrangement for changing over to internal 
grinding. 

Wider range of table feeds and work speed; a con- 
tinuous in-feed; shorter table strokes, smoother 
and more precise reversal. 

Ability to hold closer tolerances on repetitive 
work. 

Performance less dependent on operator skill and 
care. 
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FIG. 1—The first universal grinding 
machine, exhibited at the 1876 Centen- 
nial Exposition by Brown & Sharpe .. . 


- remained unchanged in basic layout when built-in drive and control features 
were added. But increasing use of this precision tool for repetitive work 
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Out of these general requirements came the fol- 
lowing design objectives set up to guide the engineer- 
ing of the new model. 


Increased rigidity. 

Conformity with JIC Standards. 

Easy set-up and ready addition of attachments. 

Accessibility for maintenance with minimum dis- 

mantling of parts. 

5. Location of control knobs and dials for greatest 
convenience to the operator. 

6. Improved apperance. 


to CO LO 


INCREASED RIGIDITY Was an essential requirement for 
an improvement in accuracy and finish. A one-piece 
casting takes the place of the two-piece bed and base 
formerly used. Extending the bed ways reduces thx 
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“Electrical enclosure 


FIG. 3—Switches mounted in the electrical 
compartment behind the setup controls are 
operated by the cross-feed hand-wheel to add 
automatic functions for repetitive work. Syn- 
thetic rubber boots provide an _ oil-tight seal 
where the switch operating shaft enters the 
electrical compartment. 

































FIG. 4 


belt-driven from tae hydraulic pump motor 


Generator for the headstock motor i: 


since both drives are invariably used together. 
For simplicity in design the co~bined drive 
is mounted on the cover for the hydraulic 


system reservoir. 











overhang of the table at the extremes of motion. By 
building the hydraulic panel and tanks within the 
base, the cross section was increased and the com- 
partment walls further increased the rigidity. Fur- 
ther improvement in stability was obtained by de- 
creasing the height of the headstock, thus lowering 
its center of gravity. 


CONVENIENCE TO OPERATOR required considerable 
thought in the positioning of all controls for both the 
setup and operating functions. All operating controls 
were given priority and placed between handwheels 
in front of operator for minimum effort of operation. 
Even though setup controls were given secondary con- 
sideration, they are still placed conveniently within 
reach of the operator. With the hydraulic valve panel 
mounted on the left side of the machine, this con- 
venient positioning was accomplished by the use of 
a mechanical remote control element which may be 
considered as a flexible rack at the end of a flexible 
cable. Proper location of these controls around the 
knee hole permitted complete operation of the ma- 
chine from a relaxed seated position as well as from 
a standing position. 

Levers were designed to serve multiple purposes to 
reduce operator motion. One lever starts the headstock 
and coolant flow or headstock, coolant and table. To 
further this economy of motion, the machine can be 
set to handwheel control in which the cross-feed 
handwheel will accomplish the same result as well as 
feed the wheel to the work. 


ConrorMity To JIC Sranparps became increasingly 
important with the growing demand for compliance 
by companies outside the automotive industry. Con- 
trol relays and starters are mounted in a NEMA 12 
enclosure, 2 ft above the floor, as seen in Fig. 2. 
Gaskets are provided for all conduit connections into 
the control enclosure. Extra electrical capacity of 100 
watts for lighting is provided in the control trans- 
former. All motors are totally enclosed ball bearing 
type. Switches operated from the crossfeed handwheel., 
Fig. 3, have synthetic rubber boots to act as oil seals. 

Separate hydraulic and lubricating systems are used. 
All valves are flange-mounted to permit removal with- 
out breaking oil lines. Gasketed covers are used on 
all hvdraulic compartments. All diagrams, both hy- 
draulic and electric, are arranged in accordance with 
JIC requirements. 


reo 


FIG. 2 (Facing page )—AIl four sides of the grinder 
are used for increased accessibility, as clearly seen 
in this rear view. Electrical control cabinet A is 
mounted on one end with all wiring (except flexible 
motor leads) carried in separate sealed passages. 
Pushbuttons on the front apron are mechanically 
linked to switches in a sealed rear compartment B 
over the hydraulic tank. Coolant and hydraulic sys- 
tem tanks C are removable from rear. All hydraulic 
control valves are bought together in a sealed com- 
partment D at one end of the machine. A flexible 
mechanical linkage connects each control handle on 
the front E with iis valve. 
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ACCESSIBILITY FOR MAINTENANCE becomes of greater 
importance with the increasing use of these machines 
sin production lines. All four sides of the machine 
have been utilized to the fullest extent to give accessi- 
bility to all parts for maintenance. All control relays, 
starters and other #lectrical components are in one 
enclosure mounted at a reasonable working distance 
from the floor in order to simplify maintenance work 
on the electrical panel. This enclosure is mounted on 
the right side of the machine. Flanged-mounted hy- 
draulic valves on the hydraulic panel, which is on the 
left side of the machine, permit servicing of individual 
valves without opening pipe connections. 

The operating control knobs (as distinguished from 
the setup controls) operate switches accessible under 
a cover at the rear of the machine. The hydraulic 
reservoir and the coolant tank are likewise accessible 
from the rear. The electrical setup controls are 
mounted behind the cover on the right front of the 
machine with connections to the control box carried 
through large cast-in wiring ducts. 

Reservoirs for the coolant system and the hydraulic 
system are located behind the hinged covers on the 
rear of the machine, and may be wheeled out for main- 
tenance. Connections to the coolant motor are made 
through the same type cable mentioned below and 
an oil-tight plug and receptacle. The less frequently 
removed hydraulic reservoir has mounted on it the 
hydraulic pump and driving motor. This motor also 
drives the headstock generator, as shown in Fig. 4. 
The connections to both the motor and generator are 
made through cables of sufficient length to permit 
removal of the tank without the necessity of break- 
ing the electrical connections. To roll the reservoir 


out it is necessary to disconnect only three hydraulic 
fittings. The tank can then readily be drained since the 
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electrical connections permit the operation of the 
pump motor for pumping out the tank. 


REDUCED SETUP TIME became increasingly important 
with the rising cost of labor. The predecessor to this 
machine required the changing of belts for changes 
in headstock speeds or table travel rates. Use of the 
internal grinding attachment required the moving of 
the wheel stand, substitution of the internal grinding 
spindle, and the changing of belts. The new design. 
Fig. 5, makes use of a unit-type spindle with pre- 





FIG. 5—When needed, the 
internal grinding spindle is 
swung forward on a hinge, 
and a selector switch disen- 
gages the external grinder 
motor and connects the _ in- 
ternal grinder. To give better 
view of the work, the inter- 
nal grinder is designed to cut 
against the rear of the work; 
the hand cross-feed control 
when set for “Internal” re- 
verses the feed gear train by 
inserting an idler to keep the 
direction of handwheel mo- 
tion the same for infeed. 


loaded super-precision, sealed ball bearings, mounted 
on a hinged bracket that swings down in position. 
The drive is from a separate motor, and a selector 
switch permits operation of either the internal or the 
external grinding wheel driving motor. A control] knob 
to the right of the cross-feed handwheel, shown in 
Fig. 6, not only permits a coarse or fine cross-feed by 
hand movement, but by reversing the drive, permits 
the graduations and the positive stop on the cross- 
teed handwheel to be used when internal grinding 
with the back edge of the wheel. In other words, the 


FIG. 6—The hydraulic 
motor which provides 
power to the cross-feed 
mechanism is engaged 
by a hydraulically op- 
erated clutch. The 
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FIG. 7—Provision is made in the design for the 
addition of attachments such as the spark timer and 
built-in alignment indicator shown here. 


wheel-slide movement is reversed for the same direc- 
tion of the handwheel. 

Flexibility of adjustment of the wheel spindle slide 
unit assembly is obtained through the use of a uni- 
versal turret that not only provides covered bearing 
surfaces at all times, but offers adjustment of the 
spindle head in relation to the wheel spindle slide, 
both at right angles and parallel to the slide. 

A single knob gives a wide range of table speeds 
(3 to 150-in. per min) and is provided with adjustable 
stops to permit a rapid change from the grinding 





motor design lends itself to the wide range of 
speeds (2 to 1500 rpm) needed for continuous 
feed when plunge grinding, and to increments 
of 11 deg of motor shaft rotation for the finest 
intermittent feed of 0.00005 in. at table 


reversals. Note headstock motor control at right. 
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speed to the pre-selected wheel truing speed. A sec- 
ond knob provides infinitely variable headstock speeds 
(60 to 600 rpm) by motor speed control. Separate 
knobs control the amount of dwell at each end of the 
table stroke (0 to 24% sec), the amount of automatic 
cross-feed (0.0001 to 0.003 in. on the work diameter ) 
and permits the use of the cross-feed at each table 
reversal or on alternate reversals. A hydraulic motor, 
seen in Fig. 6, is engaged by a hydraulic clutch to 
provide the power for the crossfeed. 

The basic policy of Brown & Sharpe is to manu- 
facture machines in production for stock (although 
this goal hasn’t been reached for a considerable pe- 
riod). Hence, in the new grinder it is imperative that 
the addition of attachments or special arrangements 
should be anticipated by providing means to insure 
that they can be added in the minimum of time. These 
features include cross-feed handwheel power retrac- 
tion, automatic cycle and spark-timing arrangement, 
continuous in-feed arrangement, etc. In all cases, the 
addition of these features has been simplified by 
having mounting holes available for all necessary 
relays, valves and attachments. When the special fea- 
tures are not used, blank plates cover the valve ports 
in the hydraulic panel. 


IMPROVED APPEARANCE Of the design is not a matter 
of chance, but rather the result of close cooperation 
between the industrial designer and the machine de- 
signer in the early design stages. The current practice 
is to build a full-size wooden model in order that all 
questions of design appearance and control location 
can be satisfied before the metal prototype is started. 

All handwheels, knobs, dials, and nameplates are 
developed by the industrial designer, whose responsi- 
bility is not limited to appearance, but also to devel- 
oping best size, shape, position and operator visibility. 


CABLE CONNECTIONS are used to the headstock motor 
to permit the 180 deg swivel of the headstock in addi- 
tion to a table reciprocation up to 23 in. Similar cables 
are used to the main spindle motor and the internal 
grinding spindle motor to permit the swivel and cross 
feed movement of the grinding wheel spindles. While 
it is possible to use jacketed flexible oil-tight conduit 
for these connections, it would be inferior to the cable 
since the swivel actions result in the use of the con- 
duit in an unfavorable type of bend. The cable has 
superior life under flexing conditions and has greater 
resistance to accidental mechanical damage. It con- 
sists of 3 or 4, 80 C black vinyl plastics covered No. 
14 flexible 41/0.010 tinned wires cabled with fillers 
and a green-braided ground wire divided into parts 
and laid in the inter spaces, all covered with cable 
tape and a %,4 in. black vinyl plastic sheath. Oil- 
tight connectors using neoprene bushings are used on 
each end. Identical sharp heavy objects dropped on 
such cable and on jacketed oil-tight conduit, have 
caused no damage to the cable but have damaged the 
conduit. Its superior resistance to flexing has been 
demonstrated by life tests. 

The headstock generator supplies variable voltage 
to the %4-hp 900/1800 rpm motor driving the head- 
stock. Field excitation is received from a selenium 
rectifier for both the motor and the generator. As 
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FIG. 8—Headstock motor is supplied by a gen- 
erator with speed control obtained by two 
rheostats on a common shaft. 
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FIG. 9—Speed-torque and regulation curves for 
the 44-hp 900/1800 rpm headstock motor oper- 
ated down to 18 rpm by the control shown 
schematically in Fig. 8. 











shown in the schematic diagram, Fig. 8, the rheostat 
consists of two tandem units each with 50 per cent 
copper windings to control the motor through a 2-to-] 
range by field control and a 5-to-1 range by voltage 
control. 

Consideration was given to various types of drives 
tor the headstock but they were finally narrowed down 
to an electronic variable-voltage constant-torque drive 
or a d-c motor supplied from a generator. The dis- 
advantages of the electronically supplied d-c motor 
as against one supplied from a generator, were con- 
sidered to be: 


Use of fragile glass tubes. 

Torsional vibration due to pulsating current. 

Excessive heating due to eddy current losses. 

Possibility of larger frame because of heating. 

Limited thermal overload capacity of tubes. 

Initial heating period required for tubes. 

Average electrical maintenance man cannot service 
electronic equipment as well as a generator. 

Requires changes for change in power supplies. 

Complicates control panel design if ventilation is 
required for tubes. 


As against these disadvantages the electronic drive 
has excellent speed regulation throughout a_ wide 
speed range so the question became one of determin- 
ing just what regulation the drive required. 

The load on the motor consists of the friction torque 
created by the headstock bearings, seals, centers, etc., 
plus the grinding load caused by the force of the 
wheel on the work. Since the force on the grinding 
wheel and the work is the same, the horsepower to 
turn the work is the ratio ot the work surface speed 
to the wheel surface speed (5000 fpm) multiplied by 
the grinding wheel motor horsepower. This has been 
converted to torque at the headstock motor and plotted 
on Fig. 9 to show the total load. Curves are shown 
tor both 1'2 hp and 3 hp (100 per cent overload of 
spindle motor) since such loading might occur mo- 
mentarily. The highest power requirement is obtained 
with a work surface speed of 100 fpm and this value 
is used although the rate varies from 50 to 100 fpm; 
at 50 fpm only half this power would be required. It 
becomes readily apparent that regulation at top speed 
is of no importance since there is little change in work 
load from no load to full load. 

By using an adjustable-speed motor for the top 
part of the range, a lower horsepower rating is possible 
with the same torque at bottom speed and _ conse- 
quently a smaller generator is needed. The lower 
range by armature control simplifies the problem of 
regulation at low speed. The generator is supplied 
with enough series field to slightly over-compound it 
at the minimum voltage. The regulation curves plotted 
are actual test readings taken on the motor. 

A similar but larger machine with a 3-hp grinding 
wheel drive motor uses a 'i-hp, 400/1200 rpm motor 
supplied from the same size generator (500 watts ), 
and operated down to 120 rpm by voltage control. 
Even though the rating of the motor is the same, the 
torque at base speed and below (where it is needed ) 
is 225 per cent of the torque of the 900 rpm motor. 
This motor is equivalent to a 1l-hp 1800-rpm motor 
supplied from an electronic drive. ooo 
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Solid Lubricants 


They are often the only answer to the lubrication of mechanisms 





operating over wide temperature range, exposed to oil-leaching liquids, 
or where lubricant retention is difficult, where dust collection is 
harmful, or where materials being processed may be contaminated, 


and where operation must be assured after long storage. 




















W. E. Campbell,* Member of Technical Staff between two relatively moving surfaces to prevent 
Bett. TeLernoxe Lasoratorties, Ive. contact between them and thus to reduce friction and 
wear. 

CoMPLEX MECHANISMS for military applications are To understand the ideal properties to be sought in 
frequently required to operate over an extremely wide solid lubricant, the modern theory of solid friction 
temperature range; from —100 F to 750 F is being will be summarized. 

envisioned. In many cases mechanisms having inac- According to Holm (1),t Merchant (2), and Bow- 
cessible bearings mav be stored indefinitely, and yet den (3), when two plane surfaces are brought in con- 
must function at a moment's notice. Under these tact with a moderate pressure (100 psi) the real area 
circumstances dust collection and corrosion become of contact is only a very small fraction of the dimen- 
important considerations. It is difficult to see how sions of the surface of contact, taken as a plane. Be- 
these requirements can be met by organic fluid lubri- cause of the high unit pressure on the real area of 
cants. Research gives promise that these problems can Sisek, an: sana ately: dees Sales ee ee ee 
be solved by the use of solid lubricants. A solid lubri- segment ‘Society of Lubrication Engineers, Boston, April 1953. Mr. Campbell 
cant may be defined as a solid material interposed asi vissidnslss ‘hs. seaaalellny Salas ncecchuale aoedieaie 


FIG. 1 (Below)—Idealized representation of 
a highly magnified cross section of a portion 
of two plane surfaces at time of initial con- 
tact. 


WELDED METAL 
JUNCTIONS 





FIG. 2 (Left)—Idealized representation of 
a highly magnified cross section of tips of 
two opposing peaks of two plane surfaces 
in contact at equilibrium. 
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contact, pressure welding of the two surfaces takes 
place, and when relative motion occurs the friction 
force is predominantly that necessary to shear these 
welded junctions. This is because the smoothest sur- 
faces, on a molecule’s eye view, look like the Rocky 
Mountains. If the surfaces are of the commonly used 
base metals, steel and bronze, a highly magnified por- 
tion of their cross section will appear somewhat as 
illustrated in Fig. 1. The oxide layers have a thick- 
ness of the order of 4 to 8 one-hundred millionths of 
an inch (10 A to 20 A). The pressure on peaks of 
asperities in contact is enormous; the yield pressure 
of the metal is exceeded and it flows plastically. The 
brittle oxide film cracks at weak spots and metal is 
extruded through the cracks; where extruded metal 
comes in contact on opposing surfaces, pressure weld- 
ing takes place as indicated graphically in Fig. 2. This 
process continues until sufficient area of contact has 
been created to carry the load without further metal 
flow. At that point 

W = Ap (1) 


where W is the normal load, A is the real area of 
contact and p is the flow pressure of the metal. Bow- 
den and Tabor (3) show by means of contact resist- 
ance measurements that the real area of contact is 
independent of the apparent area of the surfaces in 
contact, and over a wide range, of their roughness, 
being only dependent on the load according to equa- 
tion (1) above. 

When relative motion takes place the welded junc- 
tions are sheared, new ones created and sheared, and 
mutual ploughing action occurs. The force required 
to do the weld-shearing and the ploughing, plus the 
additional force to lift interlocking asperities over 
each other, is the friction force. Bowden (3) has 
shown that for most practical purposes the predomi- 
nant force is that necessary to shear welds. For film- 
free surfaces his theory leads to the expression 

F = As (2) 
where F is the friction force, A the real area of con- 
tact, and s the shear strength of the welded junctions. 
Dividing equation (2) by equation (1) it is found that 

ri =f = s/p (3) 
where f is the coefficient of friction. That is, the fric- 
tion force is directly proportional to the load. This 
equation is known as Amontons’ Law. 

It is clear from the sketch presented in Fig. 2 that 


an appreciable fraction of the real area of contact is 
oxide film. If this fraction is a, then 


ro A [as, os (1 = g) Sn] (4) 
and, from (1) and (4), 
Sy Sm 
f =a-— -+ (] a) _ (oO) 
Pm Pm 
where s, and s,, are the shear strengths of the oxide 
and metal respectively. 

When solid surfaces are in rubbing contact, the fric- 
tion force is approximately independent of the speed, 
a relation consistent with the above theory. 

To reduce wear and friction a solid lubricant film 


should have low shear strength, adhere strongly to the 
surface, good elastic properties and should be con- 
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Table I—Effect of Increase in Graphite-Resin 
Ratio on Wear Resistance of Resin-Bonded 
Graphite Film 


No. of revolutions to failure 
Per cent graphite saicinien 


by vol. Graphite Type | Graphite Type 2 
10 20,000 — 
15 ie 30,000 
20 63,000 ia 
22.5 ee 76,500 
30 950 28,000 
50 200 22,000 


Table 1l—Improvement in Wear Resistance of 
Bonded Graphite Film by Chemical 
Treatment of Metal Surface 


Metal meelabi 
| 


Solid lubricant Metal treatment to failure 


Polished 950 
Phosphated 85,000 
Polished 18,500 
Oxalate film 65,000 


Graphite-Acryloid Steel 


‘ 


Brass 


tinuous. There are also several other properties of prac- 
tical importance in choosing the type of film for a 
given function. These are: 

1. Thermal Stability, since one of the most impor- 
tant uses of solid lubricants is for reducing wear at 
high temperatures. 

2. High Melting Point. Organic solid lubricants lose 
much of their friction-reducing power above their 
melting point. (3) This is because their solidity is due 
to the strong lateral attraction between their molecular 
chains. Above the melting point the lateral attraction 
is destroyed by thermal motion, and the metal sur- 
faces are no longer prevented trom contacting. 

3. Electrical Conductivity. When solid lubricants 
are used to reduce wear of sliding contacts, high elec- 
trical conductivity is needed. When insulators are 
subject to rubbing contact, a solid lubricant of low 
conductivity must be used. 

4. Thermal Conductivity. Plastics as solid lubricants 
or bearing materials suffer because of their poor 
thermal conductivity. Surface temperatures generated 
by friction cause local surface melting and balling-up 
of material under certain conditions. Addition of metal 
powder to improve the thermal conductivity promises 
to give long-life bearing material which will operate 
with low friction and no galling without conventional 
lubrication. (8) 

5. Chemical Inertness of solid lubricants is a useful 
property when reactive chemicals or their vapors have 
access to the bearing. 

6. Corrosion Preventive Ability is desirable where 
solid lubricants are applied to inaccessible parts re- 
quired to function intermittently, for indefinitely long 
times. If the film satisfies the friction-reducing require- 
ments as well as chemical inertness, it is likely to be 
effective in preventing corrosion. 

7. Color is sometimes a consideration where it is 
important to avoid soiling of processed material. 

8. Density. For solids applied in the form of disper- 
sions in solvent, low density material makes it easier 
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to maintain a stable dispersion. 

9. Particle Size. For a uniform, continuous film ap- 
plied from a dispersion in solvent, a low and uniform 
particle size makes for more stable dispersions and 
greater film uniformity. 

10. Freedom from Abrasive Contaminants is of 
special importance when use is made of naturally oc- 
curring solids which may be contaminated with silica 
or other abrasive minerals. 

Solid lubricants as a class lack the ability to self- 
heal breaks in the film. They function successfully 
only as tong as the film remains continuous. Since the 
relatively moving layers of solid lubricant are going 
through the same processes of weld-breaking, pickup. 
and transfer as occur between high friction surfaces. 
although at a much slower rate, the life of the film is 
not indefinite. Its end is characterized by rapid in- 
crease in friction and galling of the underlying metal. 
It is important to design equipment employing solid 
film lubricants well within the life span of the lubri- 
cant. Unfortunately there is no standardized test for 
evaluating the life of a solid lubricant, although it is 
under consideration. 


Classes of Solid Lubricants 


For convenience, solid lubricants may be grouped 
into the following classes: Layer-lattice or laminar 
solids, organic compounds like soaps, chemical con- 
version coatings, soft metals, polymer films and a large 
variety of inorganic solids used mostly in metalworking 
operations. 

1. Layer-Lattice or Laminar Solids. Examples are 
graphite, molybdenum disulfide or molybdenite, popu- 
larly known as moly-sulfide, tungsten disulfide, ver- 
miculite, mica, boron nitride, borax, silver sulfate. 
Since these are almost all inorganic materials, most 
can withstand high temperatures, and several are un- 
usually inert. They are therefore useful in a wide vari- 
ety of applications. All these materials have crystal 
lattices consisting of layers, with the bonding forces 
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between the atoms within the layers much stronger 
than those between adjacent layers, so that the shear 
strength of the solid is low. (9) 

The ease of slip between adjacent crystal planes 
of graphite results from the surface presence of an 
adsorbed water or oxygen film. If the graphite is run-in 
under normal conditions so that sufficient water is 
adsorbed on the layers to give low friction, it becomes 
highly oriented with the slip-layers flat on the surface. 
Thereafter, wear is very low, even in an atmosphere 
with a relative humidity as low as 0.4 per cent. 

In nitrogen at a relative humidity lower than 5 per 
cent, or in high vacuum, rapid wear with very high 
friction takes place. (10), (11), (12), (13) Rapid 
wear of graphite in vacuum is readily reduced by 
including in the powder mix a small amount of lubri- 
cant or adjuvant. Almost any heat-resistant liquid or 
high-melting solid organic lubricant will do. For use 
in vacuum under conditions where the rubbing sur- 
faces are hot enough to boil out or carbonize organic 
materials, inorganic adjuvants such as barium fluor- 
ide (11) and lead iodide (12) will give desirable 
performance. 

The slipperiness of molybdenum disulfide is not 
reduced in vacuum, but it cannot be substituted for 
graphite in brushes operating under high altitude 
conditions and heavy current loads, because the local 
surface temperatures are high enough to oxidize the 
MoS, to MoOs, which is highly abrasive. A rubbed 
film of MoS. becomes highly oriented in the same 
manner as graphite.(9) 

Both graphite and molybdenum disulfide have high 
thermal stability. Graphite does not begin to oxidize 
at an appreciable rate below 350 C, when it is con- 
verted to carbon dioxide; in vacuum or an inert at- 
mosphere it is stable to temperatures above 1000 C. 
Molybdenum disulfide is stable in air to 350 C, and 
in vacuum or in an inert atmosphere to at least 600 
C. (27) The decomposition temperatures in air are 
greatly dependent on the state of subdivision of the 
solid lubricant and on the nature and amount of bond- 
ing agent. 

Both materials are chemically inert, but give little 
or no protection against corrosion when rubbed into 
the surface from the powder. Rubbed films are also 
relatively ineffective as wear reducers, but they are 
very effective in reducing friction. They are useful 
for lubrication of parts undergoing intermittent opera- 
tion at infrequent intervals, where friction reduction 
is of paramount importance. Molybdenum disulfide 
is said to adhere more strongly to metal surfaces than 
does graphite. 

Graphite is obtainable in a much lower and more 
uniform particle-size range than other layer-lattice 
lubricants; because of its much lower density its dis- 
persions have greater resistance towards separation 
than molybdenum disulfide dispersions. 

Tremendous increases in the wear life of both 
graphite and molybdenum disulfide can be produced 
by bonding with a resin to provide surface adhesion. 
The resin-bonded solid particles are dispersed in a 
solvent which is painted or sprayed on the surface. 
Formulations of this type also provide txcellent pro- 
tection against corrosion. Godfrey and collaborators 
have successfully used carbonized corn syrup, silicone 
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and asphalt-base varnishes, and glycerol resins as 
bonding agents and have shown that the mechanism of 
bonding is the same for a variety of layer-lattice 
solids (14), (15), (16). Other bonding agents used 
are alkyd resins, phenolic resins, epon resins, and 
methyl methacrylate resins. 

With the aid of suitable driers, successful air-drying, 
bonded, solid films can be made, but for long life at 
heavy duty a baked film should be used. 

Some preliminary work in the Bell Laboratories in- 
dicates that particle size and distribution, purity of 
solid lubricant, and ratio of quantity of solid lubricant 
to binder are all important in determining the life 
of the film. 

In Table I and in Fig. 3 are given the results of 
a determination of the effect of film life on graphite- 
resin ratio with two different synthetic graphites using 
a methyl methacrylate binder. This work was done 
on a Taber abraser using a *4. in. thick, 24% in. diam. 
steel disk, having a rounded edge firmly clamped so 
that there was only a sliding motion against the speci- 
men. The films were painted on a polished brass plate 
from a 30 per cent dispersion in cellosolve acetate to 
a thickness of about 0.002 in. The film was baked at 
300 F for 1 hr. A 500 gm load was used up to 10,000 
revolutions, and beyond this a 1000 gm load. Failure 
was recorded when base metal was visible in the wear 
track. 

For each mix there is a critical composition which 
gives maximum wear resistance. Above this maximum 
there is insufficient binder and the film powders away 
rapidly. Good results were also obtained with alkyd 
resin binders, but for reasons not clear, mixes con- 
taining molybdenum disulfide gave unsatisfactory re- 
sults with either type of resin. 


Pretreatment of the metal surface to improve the 
adherence of protective finishes increases the life and 
corrosion-protective ability of bonded solid lubricant 
films. In Table II are given data on the life of films 
on treated and untreated metal surfaces carried out 
on a Taber abraser as outlined above, but using 
sprayed 0.0005 in. films which were much more uni- 
form and accurately controlled. 

It is believed that there are interesting possibilities 
in these bonded solid lubricant films. To establish 
suitable basic formulations for various service needs, 
carefully controlled research is badly needed on such 
factors as basé metal treatment, type of solid lubricant 
and bonding agent, ratio of solid lubricant to bonding 
agent, particle size of solid lubricant, heat treatment 
of bonding agent, etc. 

In addition to their use in films on surfaces, these 
materials are mixed with other solid materials to im- 
prove their wear resistance. For example, the addition 
of graphite improves the wear resistance of hard rub- 
ber, laminated phenolics, asbestos, and metals. 

Perhaps the most striking example of the use of a 
layer-lattice solid lubricant in combination with other 
materials is the admixture of metals with graphite to 
make sliding electric contacts and_self-lubricating 
bearings of various types. In one procedure, used 
mainly for conferring improved strength and electrical 
characteristics on carbon brushes, graphitized carbon 
and metal powder are mixed and subjected to high 
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pressure in a mold, then sintered. In another process 
the compressed, graphitized carbon is impregnated 
with metal to make self-lubricating bearing materials. 
Silver-impregnated graphite is an effective self-lubri- 
cating contact material. Molybdenum disulfide and 
other effective layer-lattice type solids can probably 
be employed in similar ways to improve the wear 
resistance of various solid materials. 

Layer lattice lubricants are also effective additives 
to liquid lubricants for improving their lubricity. It is 
the author's opinion that for maximum effectiveness 
the percentage of solid should be at least 10. 

2. Solid Organic Compounds. Examples of this class 
are metallic soaps such as aluminum, calcium, zine, 
magnesium, sodium and lithium stearates; waxes, such 
as microcrystalline waxes, beeswax, spermaceti wax; 
synthetic waxes such as high molecular weight al- 
cohols, amides, esters, etc.; solid fatty acids, such as 
stearic and palmitic acids; and fatty esters such as 
lard and tallow. 

Some of these materials possess self-healing ability, 





Table I1l—Friction-Reducing Effect of 
Solid Films on Steel, Brass, and Copper 


Static coeflicient of 
friction, u 


‘Treated 
surfaces 


Untreated 
surfaces 


Metal Treatment of 
combination surfaces 


Steel-steel Oxide 0.78 0°27 
Steel-steel Sulphide 0.78 0.39 
Brass-brass Sulphide 0.88 0.57 
Copper-coppet Sulphide 1.2) 0.74 
Copper-copper Oxide ea 0.76 
Steel-steel Oleic acid 0.78 0 11 
Steel-graphite Oleic acid 0.21 0.09 
Steel-steel Acto oil 0.78 0.32 
Steel-steel Oxide, Acto oil 0.78 0.19 
Steel-steel Sulphide, Acto oil 0.78 0.16 





although at a slow rate. Probaly, for this reason, they 
are effective lubricants for light-duty operations below 
their melting points even when their adherence to 
the surface is relatively poor as in the case of non-polar 
type materials like the micro-crystalline waxes. The 
more chemically active materials give excellent wear 
and friction reduction, even above their melting 
points, by reacting with the surface. Thus stearic acid 
gives very low friction and good wear reduction on 
a variety of metals up to temperatures corresponding 
to the melting point of the metallic stearate. The soaps 
are all excellent friction reducers but cannot be as 
readily applied to the surface as the fats and waxes 
because of their higher melting points and relative 
insolubility in common solvents. 

Most of the waxes and fats can be applied from 
a solvent. They are also applicable from a melt, or 
may be rubbed over the surface. 

Wax deposited from a 20-30 per cent solution makes 


a satisfactory running-in lubricant for gears and other 


lightly loaded parts of instrument mechanisms, which 
generally require no further lubrication. Micro-crystal- 
line wax blended with spermaceti wax or with small 
percentages of stearic acid can be used. 
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3. Chemical Conversion Coatings. The best known 
films are sulfide, chloride, phosphide, phosphate, oxide, 
and oxalate films. The first four types are generally 
formed in situ at points of incipient seizure as a result 
of reaction between additives in an extreme-pressure 
lubricant and the surface of heavily loaded rubbing 
parts. Fig. 4 shows the effect of increasing the thick- 
ness of a sulfide film on copper on the coefficient of 
static friction between two copper surfaces. Under the 
experimental conditions employed, the coefficient of 
friction reaches a minimum at a thickness of about 
1000 A. (18) Contact resistance measurements indi- 


cate that on the horizontal part of the curve all metal- 
to-metal contact has been eliminated. Table III shows 
the friction reduction produced by oxides and sulfides 
on steel, copper and brass. 

The friction for clean steel lubricated by an oil of 
poor boundary-lubrication power (Acto oil) is low- 
ered 40 per cent by the presence of an oxide film and 
60 per cent by a sulfide film on the surfaces. The 
close parallelism of the measured friction lowering 
between chip and cutting tool when lubricated with 
liquids forming chlorides and sulfides at the rubbing 
surface, and that calculated from the shear strength 
of the solid film is demonstrated by Merchant. (19) 

The thin film of oxide occurring on all base metals. 
even immediately after cleaning, acts as a solid lubri- 
cant, although not the best because of its poor elastic 
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properties and relatively high shear strength. If the 
shear strength of the oxide is less than that of the 
metal, it is clear from equation (4) that the friction 
will decrease as , increases, reaching a steady state 
when a = 1, and shear is all in the oxide layer. Since 
a increases with film thickness for a given load, the 
friction will behave in the same manner with increase 
in film thickness, as illustrated for a copper sulfide 
film in Fig. 4. 

From the model in Figs. 1 and 2 it would be ex- 
pected that at very low loads the distortion of the 
surface would not be sufficient to break the film. Fig. 
5, taken from Whitehead’s paper (6) shows that at 
very low loads the coefficient of friction is low and 
constant, following Amontons’ Law of friction; at a 
critical load it becomes erratic and rises sharply to 
another constant value. In the region of low loads, the 
friction has been shown by contact-resistance measure- 
ments to be caused by the shearing of oxide bonds. 
(7) In the high-friction region, the friction is caused 
largely by the shearing of metal bonds, although the 
oxide film still carries an appreciable fraction of the 
load. 

Phosphate and oxalate coatings are used as a sup- 
plement to other lubricants, both liquid and solid. 
Phosphate coatings, in particular, have extensive use 
in a variety of operations in forming and working of 
metals, usually in combination with other lubricants. 
(20), (21) They are also widely used to assist run-in, 
particularly in applications where scuffing is liable to 
occur. (22) 

Phosphate coatings consist mainly of zinc phos- 
phate mixed with small amounts of iron and manga- 
nese phosphates in varying proportions depending on 
the application. They can be applied to ferritic iron 
alloys and to aluminum and zinc alloys. The chemistry 
of the process is discussed by Darsey and Cavanagh. 
(23) 

When chemical conversion coatings are used in 
combination with other solid lubricants, a surface is 
produced that outwears by a very large factor either 
lubricant alone. Barwell (22) shows that striking re- 
duction in scuffing wear and increase in seizure load 
can be produced by using bonded molybdenum di- 
sulfide on a phosphate coat. Paraffin is almost as ef- 
fective. In addition to acting as a low-shear buffer, the 
porous phosphate coat absorbs lubricant and feeds it 
to the rubbing areas. 

4. Soft Metals. The extent to which a thin film of a 
soft metal on a hard metal substrate reduces friction 
has been demonstrated by Bowden and Tabor (3) 
who have obtained coefficients of friction as low as 
(0.04 for an indium film 1.6 x 10° in. thick on steel and 
have explained the action in terms of the theory out- 
lined earlier in this paper. In practice indium, lead. 
tin, zinc. copper and barium have all been used as a 
lubricant. 

From equation (2), for the friction force to be at a 
minimum A and s must both be as small as possible. If 
a soft metal slides on a soft metal, s is low but A, 
which is determined by the softness of the metal and 
the load, is high. For a hard-on-a-hard metal, A is 
now low, but s is high.. If the film of a soft metal on a 
hard base is thin enough, then A will be determined by 

the flow properties of the hard substrate, and will be 
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FIG. 6—The stainless-steel cam assembly of this 
Eclipse-Pioneer autopilot manual disconnect switch 
is lubricated with a bonded, layer-lattice lubricant. 





FIG. 7—The helical spline drive and jaw assembly of 
an Eclipse-Pioneer aircraft starter are phosphate coat- 
ed to supplement the action of a low-temperature 
lubricant. 


small, while s, now the shear strength of a soft metal, 
will also be low. 

The action is not the same for a film of a soft meta! 
as for a film of an organic solid lubricant in class 2 
above, although the sliding characteristics are similar. 
In the latter case Amontans’ law is obeyed, and effec- 
tive lubrication is obtained for films only one molecu- 
lar layer (10% in.) thick. Furthermore, although a thin 
film of an organic solid can be worn off the surface by 
repeated sliding, it is more resistant to this kind of 
action than a soft metal film, possibly because of 
higher surface mobility which gives it some measure of 
self-healing. Soft metal films are not effective in thick- 
nesses below 4 x 10° in., and Amontans’ Law is not 
obeyed, since the coefficient of friction decreases with 
increase in load. They provide good friction lowering 
up to thicknesses of 10° in. The reason for the satis- 
factory wearing properties of good bearing alloys 
such as the babbitts is that during running-in a film 





134 








ot the sotter metal in the mix is smeared over the 
hard, supporting matrix. Lead is added to steel to 
improve its machining characteristics and to bronze 
to improve its wear characteristics. 

5. Polymer Films. Experience with plastic films as 
solid lubricants is limited, but the preliminary re- 
sults on porous metal impregrnated with polytetra- 
fluorethylene (Teflon) cited above are very interest- 
ing. Shooter’s basic studies indicate that the mechanism 
of triction for plastics is the same as that outlined for 
metals above, except for Teflon which has a very low 
coefficient of friction. (24), (25) 

Studies to date on wear of plastics like nylon and 
Huorinated polymers indicate that their chief limita- 
tion lies in their poor thermal conductivity. Frictional 
heat is not dissipated fast enough to prevent the local 
temperature from rising above the melting point of 
the plastic, and galling ensues. Impregnation of porous 
metal provides the necessary heat conductivity, but 
is a difficult process. 


Applications of Solid Lubricants 


A solid lubricant is needed only where the use of 
uid or semi-fluid lubricants is impossible, undesir- 
able or ineffective. It will not in general substitute for 
a satisfactory fluid or semi-fluid lubricant, although 
it may supplement it. Although many have been in- 
dicated already, applications are classified according 
to type of lubrication problem. 

1. Bearings subjected to a wide temperature range. 
Lubricants in classes 1, 3 and 4 all qualify for this 
type of service. Graphite and monlybdenum disulfide 
are the most widely used. All types are suitable for 
extremely low temperatures. Most of the extreme tem- 
perature problems are associated with airborne me- 
chanisms such as proximity fuses. In industry, moving 
parts of ovens, driers and stokers and bearings of 
trucks or conveyors passing through kilns or furnaces 
need the help of a solid lubricant. 

2. Equipment exposed to environments reactive to 
conventional lubricants. The inertness of layer-lattic 
lubricants makes them indispensable for many of 
these applications. Examples are bearings of me- 
chanisms for operating plating racks, and bearings in 
contact with steam, hot and cold water, gasoline, and 
other solvents in pumps, meters, mixers and filters. 

Fluorinated polymers are exceedingly inert and 
make useful packing materials for equipment hand- 
ling highly reactive gases such as fluorine. 

3. Bearings adjacent to surfaces or materials which 
must not be contaminated. Many examples are found 
in electronic instruments, where creep of lubricants 
onto electrical contacts must be avoided. A barium 
film on the bearing surface solved a problem involv- 
ing rotation of parts in a vacuum tube. (30) Other 
examples are camera shutter and gunsight adjustment 
mechanisms and textile machinery. 

4. Mechanisms operating intermittently over long 
periods or kept in storage for emergency use, such as 
automatic switching devices in communications equip- 
ment and military instruments like proximity fuses, 
bomb triggering mechanisms and guided missiles. 
Stored military equipment may have a short operat- 
ing life, and friction reduction is the prime necessity, 
but cleaning and relubrication of parts must be mini- 
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mized, so as not to contaminate adjacent contacts. The 
lubricant must be non-gumming, non-dust collecting, 
and a good corrosion inhibitor. Several types of solid 
lubricants fill the bill. 

5. Inaccessible bearings or those whose design 
makes lubrication retention difficult. A good example 
is an autopilot disconnect mechanism, Fig. 6, which 
must operate positively with low friction at all times 
over a wide temperature range. The stainless steel 
cam is coated with a bonded layer-lattice lubricant to 
prevent the galling which took place when a synthetic 
instrument grease was used. 

6. Lubrication of contacts. Organic lubricants can- 
not be used on electricial contacts. For this reason, 
brushes on motors, generators, and on many wire- 
wound potentiometers are made from compressed 
graphitized carbon alone or strengthened with various 
metals. 

7. Situations where dust collection is objectionable. 
Solid lubricants are useful in preventing collection of 
dust on rubbing surfaces of intricate mechanisms which 
must operate perfectly after long periods of storage. 
Lint in bearings of textile machinery may lead to 
stoppage. 

8. Minimization of fretting. Many classes of solid 
lubricants such as bonded layer-lattice, phosphate. 
metal, and polymer films, have proved their worth 
(26), although there is room for considerable de- 
velopment in this application. 

9. As a supplement to fluid lubricants. Although the 
main use of the thickener in greases is not usually as 
a lubricant, in some applications, notably at high tem- 
peratures, the solid lubricant added in high concentra- 
tions to temperature resistant fluids like silicones, or 
polyalkalene glycols, is the primary friction reducing 
agent. (31) The solids in antiseize compounds play an 
essential part in reducing friction and preventing 
galling. Powdered zinc and lead, graphite, molybden- 
um disulfide, zinc stearate and white lead are all used 
in these formulations. 

Surface conversion coatings such as phosphates are 
an outstanding example of supplemental action. The 
low-temperature lubrication of the helical spline drive 
and jaw assembly of an aircraft starter, Fig. 7, was 
solved by phosphate-coating the parts and using Mil- 
L-6085A._ oil. 
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Fast-Acting 


Digital Memory 
Systems—Il 


A survey of moderate and high-speed storage techniques. 
Characteristics and operations of various types of magnetic 
memory devices were discussed in Part I. This concluding article 
covers the remaining techniques, such as delay lines: electrostatic 
storage; ferroelectric storage: electronic bistable circuits: 


the diode-capacitor circuit and other systems. 


Isaac L. Auerbach, Manager, Magnetics Department 
BurroucGHs Corporation, Philadelphia 


Table IV—Comparison of Acoustic Delay Lines 
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fied, and the data stored. As the pulses are transmitted 
through the delay medium which has limited band- 
width, their characteristic shape deteriorates. If these 
deteriorated pulses were reintroduced into the delay tributed parameters (inductance and capacitance ). 
medium without reshaping, the discrete data would be The quantity of data that can be stored depends on the 
lost after a few cycles. Reshaping is accomplished by length of the line or total delay time, and the rise time 
introducing a new sharp pulse in place of the broad- or repetition rate of the pulses. Since the speed of 
ened pulse in the “clock gate” circuit, thereby preserv- transmission in an electric line is high, it would require 
ing the proper timing of the data. a considerable length of line to obtain many millisec- 
onds of time delay. For this reason, electric lines have 
been used only where short delays, less than 50 micro- 


transmission line may be simulated by lumped or dis- 


Electric Delay Lines 


The transmission of signals through long electric lines sec, are required. These lines have been used as one- 


involves a measurable delay. For use as a memory, the <n 


lock diagram of the circuit, see Fig. 1 in Part I of this article. 
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word registers in dynamic serial-type computers that 
operate at megacycle repetition rates. For a memory 
of large storage capacity, however, they are inefficient. 
Acoustic Delay Lines 
Since the velocity of propagation of an acoustic 
wave is considerably less than that of an electric 
wave, the acoustic wave will yield a much greater 
delay. Among the factors that influence the selection 
of an acoustic medium are the following: 
Velocity of acoustic propagation 
Acoustic impedance of the medium 
Temperature coefficient of velocity 
Attenuation of the acoustic signals 
Signal frequency for minimum attenuation 
Bandwidth restrictions of the medium 
Phase distortion of the medium 
Since it is necessary to convert between electrical 
signals and acoustic signals, a transducer of high eff- 
ciency is required. Quartz, although not the most 
efficient electric-acoustic transducer, has an acoustic 
impedance that comes closest to matching the avail- 
able media and has a small value of capacitance which 
reduces the driving power required. Based on_ this 
choice, the acoustic media may be rated in order of 
desirability as follows: 
1. Zero-temperature-coefficient glass 
2. Impurity-free fused quartz 
3. Homogeneous magnesium alloys 
4. Impurity-free mercury 
Table IV shows a comparison of acoustic delay line 
characteristics. 
Mereury Acoustic Delay Lines 
Mercury delay line memory systems have been con- 
structed ,in numerous ways. Some are of the single- 
path type in which the acoustic signal traverses the 
medium once, from transmitting crystal to receiving 
crystal, as indicated in Fig. 13. Others are of the 
multiple-reflection type in which the signal is re- 
lected back and forth through the medium before 
reaching the receiving crystal. This practice lengthens 
the path through a given mercury line but adds criti- 
cally machined parts to the assembly. One of the prin- 
cipal difficulties in the development of mercury delay 
lines has been contamination. Unless the mercury is 
free from all contamination, a mismatch will result at 
the crystal surface and cause serious reflections. Fur- 
thermore, since mercury is an almost universal solvent. 
long-time stability is a problem. Triple-distilled mer- 
cury and containers of borosilicate glass or stainless 
steel yield the best results. 
The thin quartz crystals mounted at the extremities 
of the delay lines must be in intimate contact with the 
mercury. The voltage output of the line is propor- 


FIG. 15 — Magne- 
sium delay line in a 
“picket fence” con- 
figuration. This is 
designated as a fold- 
ed line. Straight lines 
have also been con- 


structed. (Andersen 


Labs). 
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tional to the deformation of the crystals which would 
be damped by air bubbles or contamination on the 
crystal surfaces. This would decrease the acoustic 
energy transferred into and out of the line and in- 
crease the overall loss tremendously. The normal 
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FIG. 13—Single-path mercury delay line. Pyrex-type 
glass tube is filled with mereury through which the 
signal passes from the input to the output eletctrodes. 
(Moore School, University of Pennsylvania) 
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FIG. 14—Fused quartz delay line provides 1-millisec 
delay. Signals appearing at the input terminal are 
reflected from each of the crystal facets until they 
reach the output. 
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FIG. 16—Exploded views showing construction of 
end cells for folded magnesium delay lines. These 
cells are designed to maintain a pressure of several 
tons per sq in. between the quartz crystals and the 
solid magnesium alloy bar section. 
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FIG. 19—Simplified schematic of Williams 


spot on the tube. 


FIG. 17—Memory tube developed by the M. I. T. Digital 
Computer Laboratory for the Whirlwind I computer has two 
electron guns. One gun is used for reading and writing. The 
second functions as a_ holding 


removed in reading or lost by 


gun (for restoring charge 


leakage). 


electrostatic 
system. Circuit shown is capable of reading and writing only 


Cathode and emitter 


Control grid 


Accel. and focus 
elements 


Deflection plates 


Target 
—-— Pick-up screer 


tube storage 


a single 


attenuation at each transducer is about 25 db, which 
accounts for most of the loss in the line. The attenua- 
tion of signals through mercury is only a few decibels 
per foot. 

The memory capacity of a mercury delay line is a 
function of the length of the delay line and the repeti- 
tion rate of the signals. The length of the line is 
limited by the overall attenuation and the wave front 
dispersion that can be tolerated before the signal-to- 
spurious-signal (i.e., noise and reflections) ratio falls 
below a usable level, about 10. This ratio is consider- 
ably higher for computer applications than that re- 
quired in radar work, since errors cannot be tolerated. 
Another factor that influences the length of the delay 
line is the access time required in the computing 
system. In practice, the upper limit of delay is about 
1 millisec with the majority of the delay lines about 
350 microsec. The limitation on pulse repetition rate is 
not the acoustic medium, but the electronic circuitry. 
The maximum pulse repetition rate that has been suc- 
cessfully demonstrated in a mercury delay-line memory 


a 


2000 volts 


Voltage> 
4 


FIG. 18 — Sketches demonstrate the principles of 
electrostatic storage. (a) Plot of the ratio of secon- 
dary electrons to primary electrons vs accelerating 


is 5 me. Most computers that use such memory systems 
operate between | and 4 me. 


Fused-Quariz Delay Lines 


Fused-quartz blanks should be of high purity to 
eliminate spurious reflections from air bubbles and 
foreign particles. Suitable blanks of about 8 to 9 in. 
diam and 4% in. thick are available from several com- 
panies. The delay line is fabricated from the blank 
by accurately machining, grinding and polishing the 
facets, Fig. 14. A-C or Y-cut quartz crystal transducers 
are then bonded to two facets of the blank to provide 
the input and output terminals. The acoustic signal 
is transmitted through the quartz in the shear mode of 
oscillation and reflected from each of the facets until 
it reaches the output terminal. By this technique, a 
delay of 1000 microsec can be achieved in an §-in. 
polygon-shaped fused-quartz delay line. 

Fused-quartz delay lines are superior to mercury 
delay lines on almost every count in ratio of signal to 
spurious signal. The losses are less, averaging about 


voltage. (b) Potential well dug in target face by elec- 
tron beam. (c) Adjacent wells representing one and 
zero. (d) Single well for storing one and zero. 
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33 db for 1000 microsec of quartz delay compared to 
about 60 db for 1000 microsec of mercury delay. The 
temperature coefficient of velocity of quartz is about 
one-third that of mercury and as a result the ability 
to control the exact delay time is much improved. The 
impedance match is better in the quartz line. 


Magnesium Alloy Delay Lines 


It has been found that magnesium with a small 
amount of aluminum and other impurities yields a 
better delay line than pure magnesium or aluminum. 
The solid metal ultrasonic delay line is insensitive to 
shock and can be assembled with considerable ease 
by comparison to other delay-line media. The atten- 
uation within a single crystal of the magnesium alloy 
is small by comparison to the attenuation between 
crystal boundaries. Therefore, the fewer the boun- 
daries within the line, the lower the attenuation. Cold 
working the metal by extrusion, rolling or forging 
aligns the crystals and they tend to grow. This plus 
final heat treatment of the delay line is essential for 
optimum results. 

Two types of delay lines—a straight line and a folded 
line—have been constructed. The folded lines are cut 
from a flat plate in the form of a picket fence, Fig. 15. 
and the reflecting ends highly polished. After this, the 
magnesium is dichromated to prevent oxidation, which 
would increase attenuation seriously. Dichromating 
the line has no effect on attenuation. A-C or Y-cut 
quartz crystal transducers, used to obtain a shear 
mode of oscillation, are held under pressure against 
the ends of the magnesium alloy line. The shear mode 
gives greater delay than the lognitudinal mode, and 
less beam spreading due to the lower velocity of prop- 
agation. There is, however, sufficient beam spreading 
to prevent the use of multi-channel transmission in a 
single folded magnesium alloy delay line, because of 
the crystal structure of the metal. 

Typical end cells used in the lines are similar to tha’ 
shown in Fig. 16. These end cells were made of stee] 
or brass and designed to apply pressures as great as 
several tons per sq in. against the quartz crystal sur- 
face. The end cells were reflectors and not absorbers 
of the incident wave. Reflecting end cells are satisfac- 
tory if the third-time-around signal (the signal re- 
ceived by the receiving crystal that resulted from a re- 
flection from the receiving crystal and the transmitting 
crystal) is below the spurious signal level. In the aver- 
age magnesium alloy delay line, the spurious signal 
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FIG. 20 (Left and center)—(a) Circuit for ferro- 


electric storage system. (b) Hysteresis loop of ferro- 


electric material used in above circuit. 
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is 40 db below the main signal. Micalex was selected 
to back the quartz crystal, since it was able to with- 
stand large pressures without crushing and it is a 
moderately good impedance match to the quartz and 
the magnesium alloy line. 

A carrier frequency of 10 mc has been used in most 
all-metal delay lines. The attenuation of the magne- 
sium alloy line is nearly linear between 3 and 10 mc; 
above 10 mc, the attenuation increases as the square 
law. This may be attributed to the fact that the wave 
length of the carrier is approaching the grain size of 
the magnesium alloy crystals. The bandwidth of the 
delay line is quite narrow and is broadened by the 
application of the proper pressure to the quartz crys- 
tal transducer. 

Magnesium alloy delay lines, 600 microsec long, 
have been built with 8 pickets of % in. square cross 
section. Their overall attenuation was between 50 and 
60 db with a bandwidth between 3 and 4 mc. The 
temperature coefficient of velocity in these lines is 
constant from —60 C to + 60 C. 


Electrostatic Memory System 


The fact that an electrostatic charge may also pro- 
vide memory is the basis of a type of memory device 
known as the electrostatic storage tube. One of a num- 
ber of storage tubes developed for digital storage is 
seen in Fig. 17. Electrostatic storage tubes as a tech- 
nique for computer storage are currently losing popu- 
larity to the magnetic core type storage. Their great 
advantage was very short access time, between 12 and 
25 microsec depending on the storage tube used. 

The principle of electrostatic storage for the Wil- 
liams type storage tube, the type in most common use. 
will be described because it is similar to that used in 
other designs. If a screen is bombarded by an electron 
beam, secondary electrons will be emitted. The plot 
of the ratio of secondary electrons to primary elec- 
trons, y, vs accelerating potential of the beam is 
shown in Fig. 18a. This plot is for a particular target, 
in this case the P,; phosphor screen of a cathode ray 
tube. If the accelerating potential should be set near 
2000 volts, the secondary emission ratio will be greater 
than one and more secondary electrons will be emitted 
from the target than were added. This will produce a 
positive charge at this point and the potential will rise 
slightly. The plot of potential across a section of the 
target is sketched in Fig. 18b. 

Thus, it is seen that an electron beam will produce 
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FIG. 21 (Right)—Basic storage element for diode- 
capacitor memory. The two diodes are used to con- 
nect the capacitor to the reading and writing circuits. 
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FIG. 22—Diode-capacitor memory array. This is 
similar to the memory system made up of cores 


and diodes. The charge on each capacitor is re- 


generated every few seconds to insure discreteness 
of the memory cell. 





a potential “well” in the target. The slight negative 
mound around the well is caused by some of the 
secondary electrons landing in the vicinity and lower- 
ing the surrounding potential. This negative ring 
serves as a barrier and helps to prevent interaction 
between wells. The size of the well is roughly pro- 
portional to the diameter of the beam. If the beam is 
removed after “digging a well” the potential distribu- 
tion will remain the same and the well will have been 
stored. If a metal screen is placed near the target, a 
small signal will be picked up at the time a well is dug. 
This is essentially capacitive pickup, the target and 
screen acting as the plates of a capacitor and the 
screen reproducing the potential variations of the 
target. This signal can then be amplified and read. 

The basic characteristics described above can then 
be applied to a system of electrostatic storage. Several 
systems have been used. One of these is the interrupted 
double spot system. If, after a well has been dug the 
electron beam is cut off and moved slightly, the con- 
figuration shown in Fig. 18c will result. 

It is seen that if the second well is dug in the vicinity 
of the first, the secondary electrons emitted from the 
second well will tend to fill up the first well (shaded 
portion). Thus, a binary storage system can be ob- 
tained. In it, the first well is dug for each entry. The 
digging of the second well corresponds to the storage 
of a one, the absence of a second well, to a zero. To 
determine what is stored on the target, the first well 
position is interrogated by the beam. If the second 
well had been stored it would be necessary to “redig” 
the first well due to the filling action and an output 
signal would result. If a zero had been stored (no 
second well—no filling action) it would be unnecessary 
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to redig the first well and no output signal would 
result. 

The dot-dash system is similar in operation to the 
above scheme, only the beam is not interrupted during 
movement. This results in the potential configurations 
shown in Fig. 18d. Again the bombardment of the left 
half of the well by primary electrons fills up the origi- 
nal right half of the well, storing a one. In the focus- 
defocus system, the beam is left stationary and de- 
focused if a one is stored after the initial well is dug. 
This enlargement of the beam due to defocusing 
causes scattering of the electrons over a wider area. 
filling the original deep well. 


Williams-Type Storage 

A simplified schematic of a portion of the Williams 
dot-dash electrostatic storage tube system is shown in 
Fig. 19. Since the information is destroyed when it is 
read out, it must be regenerated for an effective stor- 
age system. The circuit shown serves to store, read out 
and restore information. To store a one, the probe sig- 
nal is applied, turning on the beam and digging a well. 
The write signal is then applied causing the filling 
action as the beam is moved if the manipulator con- 
tained a one. To read out and regenerate the informa- 
tion, the probe signal is applied, and if a one had been 
stored an output signal will reach the amplifier. This 
is then sampled by the sample pulse, and if a one had 
been stored, the flip-flop FF will be set in the one state. 
The information can then be read by transferring it to 
the manipulator with the transfer pulse. Regeneration 
is accomplished by the probe and restore pulse combi- 
nation. It takes the system approximately 6 microsec to 
read out or read in information. If a spot is not regen- 
erated within 0.2 sec after being initially stored, it 
tends to fill up, thus losing the information. 

The system in Fig. 19 is capable of reading and 
writing only a single spot on the one tube shown. For 
a 1024-word, 36-bit storage, a parallel system would be 
used with 1024 spots on each tube and 36 tubes in 
parallel to make up the complete word. To position 
the beam a voltage deflection system is needed. 
Ferroelectric Storage 

In ferroelectric materials the dielectric induction vs 
applied electric field intensity curves have hysteresis 
loops which are similar to the B-H curves of ferromag- 
netic materials. The designation “ferroelectric” means 
that the material is analogous in behavior to ferromag- 
netic materials but does not contain iron. Barium titan- 
ate, rochelle salt, potassium niobate and potassium 
dihydrogen phosphate are among the ferroelectric 
materials. Barium titanate is the most widely used. It 
polarizes with low electric field strengths and remains 
ferroelectric over a temperature range from about 0 to 
120 C. 

One of the basic storage circuits using ferroelectric 
materials is shown in Fig. 20a. The diode is used to 
prevent unwanted pulses from appearing at the out- 
put of the storage circuit when reading information in. 
The hysteresis loop of the ferroelectric material used 
is shown in Fig. 20b. The applied voltage, V, is equal 
to the applied electric field strength, E, times the crys- 
tal thickness, d. The dynamic capacitance, C;, of the 
ferroelectric storage element is the ratio of the change 
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in polarization per unit volume to the change in ap- 
plied field. The capacitance of the storage element can 
then be shown to be equal to the area of the ferroelec- 
tric crystal used times dP/dV. From Fig. 20b, it can 
be observed that the capacitance is large along the 
curve from —P, to A and -+-P, to B, and small from A 
to +P, and B to —P,. 

The storage element can be thought of as being a 
bistable device whose two stable states are +P, and 

P,. If the device is in the one state, i.e., at +P,, and 
a positive pulse of voltage is applied to the circuit, the 
peak output voltage will be low since the change in 
polarization from +P, to A will be small. The fact 
that the output voltage is low can also be explained 
by the fact that between +P, and A the capacitance 
of the storage element C, is low and the output capaci- 
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tor of the memory circuit is chosen so that it has a 
relatively high capacitance compared to C;. If a binary 
zero has been stored, i.e., the storage element is at 

P,, and a positive pulse is applied, the output voltage 
will be much higher since the change in polarization 
from —P, to A is large. This large output voltage 
can also be explained by the fact that the capacitance 


FIG. 24—A section 
of the Coincidence- 
Current Magnetic 
Core Array develop- 
ed by the Computa- 
tion Laboratory, 


M.I.T. 
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of the storage element between —P, and A is much 
larger than the capacitance of the output capacitor. 

In this circuit, a one is stored by applying negative 
voltage pulses and positive voltage pulses are used to 
read out information. Storage circuits of this type have 
operated satisfactorily with pulses of about 10 volts 
amplitude having durations in the microsecond range. 
Signal-to-noise ratios greater than 10 to 1 have been 
obtained. Stored information can be retained for 
several days. Several independent sets of electrodes 
can be placed on the same crystal and satisfactory 
operation obtained without appreciable cross-talk be- 
tween adjacent storage cells. 


Electronic Bistable Circuits 

Two types of bistable electronic circuits have been 
developed for storage purposes in computer applica- 
tion. The modified Eccles-Jordan flip-flop is in common 
usage throughout the electronic field for countless 
purposes. Its use for large-scale memory has never 
been considered except for the ring counter in the 
ENIAC, the first electronic digital computer, because 
of cost and complexity. 

The second type of bistable electronic circuit is the 
dynamic flip-flop. The circuit is similar in basic prin- 
ciple to those used for delay line memory except that 
the delay line in this case is one pulse in length. The 
single vacuum tube operates only as a pulse amplifier, 
and the data are stored in the delay line. Pulses are 
generated at the output if the flip-flop is in the one 
state. No pulses appear at the output if the flip-flop 
is in the zero state. The technique of operation has 
found many applications in computer circuitry, but 
not for large-scale memories. 


FIG. 23—SEAC tape drive mechanism. 
The baskets eliminate the need for a 
slack take-up mechanism and reels. 














Table V—Comparison of External ne Media 


Media “Only 


~ Cost ost ($/ | ~ Spatial 
decimal economy 
digit) (d.d. in. 8) 


Technique Volatile 


Print on paper 10-* 


Punched cards 


7x10° no 


-2x10-8 . 5x10? no 


3.6x108 no 


5x10" 3 4x10* no 


2x10 


‘Punched paper tape 


"Photographic film 


Magnetic tape 


(1.25x10% | 2.5x10' | no 
| 


Magnetic wire 


4x10* | 14x10* | no 


_Read- Record Equipment and Media 





Time to pro- 
Cost cure succes- 
($ sive words Read | Record 
decimal from file time | time 
digit) (sec) (sec a Gee ) 


Technique 


Print on pape r 3 | 30x10-8 100x10" 


Punched ania 10° : 1x10 3 | 


1x10) . 


Punched paper 1 tape| 2 2.8x10-% 


20x10-8 . 3x1073 3x10°8 


83x10-6 83x10°6 


5x10°3 


Photographic film | 1.3x10-% ~ B3x10-8 


Magnetic tape 2x 10 3 5xl0-3 | 5x10 


Mennctic wire 3x10-3 1 3x10-3 


13x10°3 | 13x10°3 





Diode-Capacitor Memory System 


The diode-capacitor memory scheme developed by 
the Computer Laboratory of the National Bureau of 
Standards uses a capacitor and two diodes for reading, 
writing and selection. The basic storage element of 
this memory is shown in Fig. 21. The connection E is 
used for both reading and writing, while the two diodes 
between A and D are used as a “squeezer” to connect 
the capacitor to the reading-writing circuits, as will 
be seen. During holding, both diodes are biased in 
their back direction. For example, A might be held at 
—4 volts with respect to ground and D at +4 volts. 
Then if the capacitor has a charge of, say, 2 volts, 
both diodes will be biased in their back direction and 
only small currents will flow into or out of the capaci- 
tor. For reading, both points A and D are forced to 
ground potential (“squeezed”). This will cause one or 
the other diode to conduct and a voltage will appear 
across the resistor R. If C were charged with 2 volts 
of such polarity as to make its lower terminal more 
negative than its upper terminal, then when the 
squeeze occurs there will appear at E a pulse of —2 
volts, which then dies out with the time constant RC. 
This would be recognized by the reading circuits at E 
as the binary digit zero. If the polarity of the charge 
on C had been in the positive direction, the squeeze 
would have produced a positive pulse instead of 
negative, and would be recognized as the binary 
digit one. Thus, the content of the storage element has 
been read, but in doing so it has been (at least 
partially) discharged and the information lost from 
the storage element. The information must be re- 
written to continue the storage after reading. 
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To write (or rewrite ) information, it is merely neces. 
sary to force the lead E to the desired state during the 
squeeze, and hold it there until the squeeze is over. As- 
sume that while A and D are at 0 volts, E is forced to 
+2 volts and held there at least until A and D are 
returned to their normal voltages of —4 and +4 re. 
spectively. Then the capacitor is left with a charge of 
2 volts and upon the next squeeze it will produce a 
positive pulse at E. A one has been written. When E 
is forced negative until the end of the squeeze, a zero 
will be written. Note that once A and D have returned 
to their normal voltages, the charge on the capacitor 
will be undisturbed by later changes of E, provided 
the magnitude of voltage on E never exceeds 2 volts. 
Thus, E can have other pulses on it, either positive or 
negative, and the charge stored on C will remain un- 
affected because both diodes will remain with back- 
ward bias. This is important for organizing many basic 
storage elements into an efficient memory assembly 
and is the reason for charging the capacitor to only +2 
volts while biasing the diodes twice as much. 

The method of assembling a large number of such 
diode-capacitor elements into a memory system is 
shown in Fig. 22. It is to be noted that the selection 
method is very similar to the core-diode memory 
explained previously, the difference being that only 
one diode is required per bit in the core-diode mem- 
ory and two diodes are required in the diode-capacitor 
memory. 


Other Storage Devices 

A gas discharge tube is basically a discrete device. 
It is either fully conducting or non-conducting. Any 
signal applied to the control electrode below the 
threshold potential has no effect on the operation of 
the tube. Likewise, any signal in excess of the thresh- 
old, once the tube has fired, does not modulate the 
output. Cold cathode glow discharge tubes are pre- 
ferred to hot cathode tubes because standby power is 
not consumed. 

The type NE2 and NE96 neon bulbs have been used 
in a memory system. The low cost of the tube and 
associated circuitry makes them particularly attractive. 
However, the lack of reproducibility of the characteris- 
tics of the neon tube is a major drawback. Such a 
memory system has moderate speed for modifying 
the data stored in the memory, and reasonably high 
interrogating speeds. 

The electro-chemical cell is an application of chem- 
ical techniques to storage. A typical electro-chemical 
cell might consist of two 3-mil wires (tantalum and 
gold, for example) mounted so that they touch at only 
one point. At this junction a bead of electrolyte such 
as agar or phosphoric acid and water is applied. This 
is the entire cell. By the application of a positive 
potential between the tantalum and gold wires, a high 
resistance film will develop on the gold anode. The 
signal might be on the order of 0.1 volt for 100 
microsec. A diode has now been created that will 
sustain a back voltage of 50 volts for 100 microsec. 
after which the back resistance of the diode starts to 
decrease. To neutralize the cell, a potential of opposite 
polarity is applied and a very low resistance exists 
between the two wires. This type of memory cell has 
very high capacitance which precludes its use in high 
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Table VI—Comparison of Internal Memory Media 























Cost | Spatial 
($/decimal | economy 
Tee hnique digit) (d.d./in. » 
——< 120 | s«B.0x107 | 
Vacuum tube flip-flop ; 100 a | 1 25x10* 
Electric delay line : | ” a? 7 yx 10-8 ¥ 
Mercury delay Yne 7“ 4 0 05 
Quartz delay lime ij i? 0.1, 
Magnesium delay line Pitre 3. . 0 08 
Mesueticdrum : 0 30. ) 2 : 
issestebie hovene tabe — ; : 0 1 5 
(Williams type) 
Static mnanetic shift registe Vs 20 ah, 5x10 
[Core-diode matrix Te ae ee 





Coincidence- seemed core-matrix ] 20 





Cerebral cortex (human) 10-6 5x10* 


speed memory circuitry. It may have broad applica- 
tions for slow speed operation. 

A cell containing a photosensitive cathode and 
phosphor which has a high secondary emission current 
mounted in opposition can be made to exhibit memory 
characteristics. When the cell is subjected to illumina- 
tion of sufficient magnitude to cause the phosphor to 
glow, secondary electrons are given off. As a result 
of the electron bombardment the photocathode will 
emit enough electrons to sustain the illumination of 
the phosphor, thereby keeping the cell lit. Therefore, 
once the cell has been exposed to illumination it will 
remain lit until] extinguished. The cell may be extin- 
guished by breaking the photo cathode circuit or by 
exposing the cell to a very high intensity light. This 
sudden burst of light will cause a large current to flow 
from the photocathode and a large voltage drop to 
result across the cathode resistor which is sufficient to 
extinguish the cell when the light is removed. 

Photographic film may be used as a storage element 
by exposing the film to a series of small dots, develop- 
ing the film, and reading these dots by a photo cell at 
a later time. In this way the film provides a non- 
destructive type of memory, and has application where 
large, permanent reference files are required. The den- 
sity of storage on the film may be on the order of 100 
spots per linear inch and the film speed equivalent to 
the best obtainable using magnetic tape. 


Comparison of Memory Media 


Memory systems as applied to digital computers 
have fallen into two general classes. External memory 
refers to those systems used for the preparation of 
information to be inserted into the computer proper 
and the media to which the human operator has access 
and contact. This class of media has generally been 
used for very large reference files and for the prepara- 
tion of the problem and program. To permit evaluation 
of various types of external memory media, Table \ 
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Access Read or record | Life expectancy 
time time of storage 
(microsec) (microsec) Permanence | medium (years) 
10 |e | Cea 

05 | teethnt | No | 03 

oe | notes | Me | € 
300 ~—| sess than] No + . 
5 300 “less than 1 - | No | ; more than 10 4 

i 300 Ie ven then: I ) No ‘ mf more than 10 

3000 eve less ‘than 1 10 | Yes , | iS more than 10 
~ | Meetot: | Ne | Ole | 

rs er a ee 

5 i} “Jens than 1 ae i Yy es ri more than 10 








10 ete than ] Yes more than 10 


2x106 30x10 No 65 








has been prepared. In it, the media has been sep- 
arated from the read-record equipment required. Each 
of the media tabulated is non-volatile. The most popu- 
lar media in use today are punched cards and magnetic 
tape. Photographic film is falling into disuse, and 
magnetic wire is being replaced by magnetic tape. An- 
other example of a tape drive mechanism is shown 
in Fig. 23. The media of greatest potential for the 
future is print on paper once automatic reading devices 
have been perfected to replace the human efforts now 
involved so that the present access time for this type 
of storage can be greatly reduced. 

Internal memory media are judged differently. It is 
not necessary, although desirable, that the media be 
non-volatile. Access time and cost per decimal digit 
have been the two dominant measuring sticks for 
internal memory media. These are compared in Table 
VI. The relay and vacuum tube flip-flop type circuits 
are no longer considered for large internal memories. 
They have been replaced by the acoustic line, mag- 
netic drum, electrostatic storage and the new core 
storage devices. Electrostatic storage tubes are be- 
lieved to be an interim solution to the high speed in- 
ternal memory media problem and one that is rapidly 
being replaced by the magnetic core memory devices, 
as shown in Fig. 24. The long life of the magnetic class 
of memories and the very low access time they afford 
gives reason to believe that they will dominate future 
internal memory systems until other solid state devices 
are developed to replace them. The lowest cost internal 
memory is still the magnetic drum. ooo 
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Integral-Horsepower 


Synchro Systems 


Electrical synchros take the place of mechanical couplings in 
coordinating multi-motor drives for major equipment. The design and 


operating principles of various synchro systems are stated. 
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BASICALLY, an integral-horsepower synchro system 
(Synchrotie )* consists of two or more wound-rotor in- 
duction motors having similar rotor characteristics. 
If the stator windings of the motors are excited from 
a common source, and the rotor windings are con- 
nected together, the motors maintain a synchronized 
speed relation within certain limits. If the rotor of 
one is turned, the other automatically follows it. Speed 
matching of individually driven machine sections and 
remote position control are the two main fields of 
application of these synchro systems. Speed-matching 
is called for on equipment such as coater drives for 
paper machines, vertical lift bridge drives and textile 
range drives in finishing and bleaching equipment. 
Typical of position-matching applications is the re- 
mote operation of valves. 

A close analogy exists between an electrical synchro 
system and a mechanical transmission that connects 
the driven sections of a machine. Both transmit torque 
or power. Under running conditions in either case, 
the receiving end of the transmission makes exactly 
as many revolutions as the delivery end. In the 
mechanical transmission, the shaft twists under appli- 
cation of torque so that an angular difference be- 
tween the ends of the shaft results. In the synchro 
system, also, application of torque causes an angular 
difference between the rotors of the transmitting and 
receiving motors. In a shaft transmission, the amount 
of angular twist depends upon the torque transmitted, 
the shaft diameter and the shaft length. In a synchro 
drive, the angular difference between the rotors is 
a function of the size of the motors and the torque 
transmitted to the receiving end. 

In general, where power is transmitted by any com- 
bination of shafts, gears, or other mechanical units, 
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ABOVE, integral-horsepower synchro system is used 
to synchronize the operation of the coater section with 
the drying roll as part of a paper coating machine 
drive. Two phase advancers (in background) are 








driven by d-c motors to provide adjustable synchro 
speeds. FIG. 1 (Below)—Two or more wound-rotor 
motors, excited from a common source and with 
rotors tied together electrically, make the basic 
synchro system. 





















*Synchrotie is the trade name of the Westinghouse Electric Corporation. 
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Power Flow in Integral-Horsepower 


CASE NO. 1: Synchros running at 
low speed in same direction as rotat- 
ing field. The principles involved here 
are similar to those for an induction 
motor operating at high slip below 
synchronous speed. Being a direct 
function of slip, the frequency in the 
rotor circuit is high and the reactance 
of the rotor circuit is high with re- 
spect to the resistance. Thus, the rotor 
circulating current, I lags behind the 
resultant voltage, e, and is quite large. 
The major component, i’, of the cir- 
culating current is in phase with the 
receiver rotor voltage. This compo- 
nent is the receiver rotor current. 
Since the system is running with the 
field below synchronous speed, the 
products of the receiver rotor voltage 
and current represents a motoring 
output analogous to the power dissi- 
pated in the secondary of an ordinary 
wound-rotor motor operating at re- 
duced speed. This power is fed into 
the rotor of the transmitter. Thus, 
when the synchro system is running 
below synchronous speed in the di- 
rection, of the rotating stator field, 
the receiver acts as a motor because 


it takes power from the line, while 
the transmitter acts as a generator 
because it takes mechanical power 
from its shaft and electrical power 
from its rotor and returns power to 
the line. The component of the rotor 
current that is in phase with the re- 
ceiver rotor voltage is larger than the 
component in phase with the trans- 
mitter rotor voltage. When running 
with the field, the maximum receiver 
torque for any given displacement 
angle is greater than the maximum 
transmitter torque. 


CASE NO. 2: Synchro system run- 
ning at close to synchronous speed in 
same direction as rotating field. This 
is analogous to an induction motor 
operating at low slip below synchro- 
nous speed. Since the slip is low, the 
frequency in the rotor circuit is low. 
Consequently, the rotor reactance is 
low, and the angle a is much smaller 
than for operation at high slip. The 
components of the rotor current that 
are in phase with the receiver rotor 
voltage are smaller. Thus, the maxi- 
mum receiver and transmitter torques 





Synchro Systems 


decrease when the speed of the syn- 
chro system approaches synchronous 
speed and rotation is with the field. 
However, as shown by the relative 
magnitudes of the rotor current com- 
ponents, the maximum receiver 
torque is still greater than the maxi- 
mum transmitter torque in the syn- 
chro system. 


CASE NO. 3: Synchro system run- 
ning at low speed against direction of 
rotating field. This is analogous to 
operating at a slip greater than one. 
In this case, a component of the rotor 
current is in phase with the trans- 
mitter rotor voltage, and the trans- 
mitter is taking power from the line. 
Similarly, since the receiver current 
is 10 deg from the receiver rotor volt- 
age, the receiver is putting power 
back into the line. The product of 
transmitter voltage and current is 
greater than the product of receiver 
voltage and current. Thus, when the 
synchro system is operating against 
the field, the maximum transmitter 
torque is greater than the maximum 
receiver torque. 





the same results can be accomplished by a properly 
designed synchro system. The more complicated the 
mechanical drive. the more pronounced will be the 
advantages of the electrical devices. The few copper 
wires that replace heavy shafting and complicated 
mechanical parts can turn corners, traverse any angle 
or travel hundreds of feet. The machines that synchros 
connect maintain an exactly synchronized speed re- 
lation at zero speed and at all running speeds up to 
their rated maximum speed, except for the angular 
displacement between the rotors due to friction and 
load torque. 

Many of the design factors involved in the appli- 
cation of synchro drives are similar to those en- 
countered in the application of ordinary induction 
motors. These include starting, accelerating and maxi- 
mum torques. operating speeds, speed ranges, load 
torques over the speed range and motor temperature. 
There are, however, additional problems peculiar to 
the synchro system which must be considered when 
making an application. 


Theory of Operation. For simplicity, consider a svs- 
tem consisting of just two wound-rotor motors, Fig. 1. 


When properly connected and with no external torque 
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applied, the rotors of both synchro units remain 
stationary when line voltage is applied to the stators. 
When no electrical angle (phase displacement) exists 
between the synchro rotors, the induced rotor voltages 
are equal and opposed. Consequently, rotor current is 
zero and no turning moment is developed by either 
unit. When one synchro unit, called the transmitter, 
is rotated by an external means through a small angle, 
the rotor induced voltages are no longer equal and 
opposite. The resulting rotor current develops a torque 
or turning moment in an effort to balance the rotor 
voltages and bring the rotor current back to zero. 
If the transmitter is rotated continuously by an ex- 
ternal means, the receiver rotor follows at the same 
speeds. If load is applied gradually to the receiver, 
the phase displacement or angle between the two 
rotor increases with increase in load until the maxi- 
mum synchronizing torque is reached. Any further 
increase of receiver load pulls the rotors out of step. 
When this happens, the synchro units begin to operate 
independently as ordinary induction motors, each 
having its rotor short-circuited through the other. 
With both transmitter and receiver units energized 
from the same polyphase source, if the transmitter is 
driven by external means in the direction it would 
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FIG. 2—Torque-speed characteristics of all two- 
unit synchro systems are similar, except that 
percentage values of maximum torques over 
the speed range vary according to the rating. 
Concepts of motor and generator torques refer 
to power flow from stator to rotor in first 
case, from rotor to stator in second case. 
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FIG. 3—Comparison of performance charac- 
teristics of synchros having single-phase and 
three-phase stators. The single-phase system is 
particularly suited to indicating applications 
since the torque-displacement curves are the 
same for operation with or against the field. 
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FIG. 4—Receiver torque is greatest when me- 
chanical rotation is in the direction of field 
rotation. Curve 2, above, gives an indication of 
the load that can be transmitted safely under 
these conditions. 
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normally run as an induction motor, the synchro sys. 
tem is said to operate with the field. If the transmittey 
is driven in the opposite direction, the synchro js 
said to operate against the field. For each of these 
conditions the receivers rotate in the same relation to 
the electrical rotation of their stator fields as the 
transmitters. When the transmitter is operated in the 
same direction as the rotating magnetic field, the 
rotor of the receiver unit is retarded with respect to 
its electrically neutral or in-phase position. When 
the transmitter is operated in a direction against the 
rotating magnetic field, the receiver rotor is displaced 
ahead of its in-phase position. 

When operating in synchronism, one of the synchro 
units acts as a motor taking power from the line, 
while the other acts as an induction generator re- 
turning power to the line. Depending on whether 
the rotation is with or against the field, either unit can 
act as a motor or as a generator. If the system is run- 
ning in the same direction as the rotating field, the 
receiver acts as a motor because it takes power from 
the line. Meanwhile, the transmitter acts as a genera- 
tor because it takes mechanical power from its shaft 
and electrical power from its rotor and returns power 
to the line. Under these conditions, the maximum re- 
ceiver torque for any given displacement angle is 
greater than the maximum transmitter torque, Fig. 2. 
This is esssentially the same when the synchro system 
is running close to synchronous speed in the same 
direction as the rotating field. In contrast, when the 
synchros are running in a direction opposite to the 
rotating field, the maximum transmitter torque is 
greater than the maximum receiver torque. 

The concepts of motor and generator torques can 
be visualized by remembering that motor torque re- 
fers to power flow from stator to rotor while generator 
torque refers to power flow from rotor to stator. The 
term, maximum torques, refers to the maximum mo- 
mentary torques that can be utilized to hold the system 
in step at the indicated speed. The lower curve in Fig. 
2 shows the maximum continuous torque obtainable 
at the receiver output shaft with safe receiver temper- 
ature rise. For example, when operating with the 
field at 50-per cent speed, the synchro system will 
stay in step if 300-per cent rated torque is required by 
the receiver load. However, for this particular design. 
the maximum continuous receiver torque at 50-per 
cent speed is approximately 85 per cent of rated torque. 


Another important consideration in applying syn- 
chro systems is the limiting speed when operating 
with the field. Beyond approximately two-third of 
synchronous speed the maximum receiver and trans- 
mitter torques drop off rapidly to zero. For that 
reason, synchros should not be operated at more 
than 66 per cent of synchronous speed in the direc- 
tion of the field. Operation up to and beyond synchro- 
nous speed should be against the field. 

In addition to synchros that have their stators con- 
nected to a three-phase supply, there are a number of 
single-phase stator connections that can be used, each 
having its own advantages and disadvantages. The 
circuit connections that give curve A in Fig. 3 might 
be used where high peak torques are encountered and 
where the receiver displacement angle is not critical 
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1200 Rpm 


1250/1500 Rpm 
Frequency 


i, Transmitter Changer 


3 Phase, 
60 Cycles 


FIG. 5—A_ frequency 
changer connected elec- 
trically into the rotor 
circuit provides the 
most suitable method 
of obtaining adjustable 
speed operation of the 
receiver unit. Output of 
the frequency changer 
ean be adjusted by 
means of a d-c motor 
(a) or with a mechan- 
ical coupling (b). 


1200 Rpm 


3 Phase 
60 Cycles 


for normal continuous running torques. Circuit con- 
nections that give curve B might be used where 
reversing service is required. In this case, the torque- 
displacement characteristic is the same for operation 
with or against the field. 

Synchro units must be synchronized or connected 
to the line while both units are at standstill. Even 
with the synchro units at standstill, the application of 
three-phase power sometimes causes loss of synchron- 
ism and results in acceleration of one or both units 
to full speed as ordinary induction motors. The torque 
tending to turn the receiver in the direction of normal 
rotation as an induction motor is much greater than 
the torque tending to make it operate in the reverse 
direction as evident from curve C of Fig. 3. The area 
under curve C is proportional to the energy given 
to the load. If the ratio of inertia to friction load is 
high, and if the angular displacement is large in the 
positive direction when power is applied, the re- 
ceiver may accelerate toward synchronous speed and 
fail to pull into step. 
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& Receiver 
Speed Adj. 


6 to 1 Gear 
D-C Motor, 300/1800 Rpm 


D-C Constant Voltage 


Frequency 1250/1500 Rpm 


Changer 


Tf » 50/300 Rpm 
6 to 1 Gear 
= —300/1800 Rpm 


Mechanical 
Speed — 7 
Changer 


Receiver Speed Adj. 
900 Rpm (6 poles) 


3 Phase, 
60 Cycles 


Speeds and Direction of Rotation. When the 
mechanical rotation is in the direction of the field rota- 
tion, the torque that can be exerted by the receiver is 
greatest, Fig. 4. However, this receiver torque is avail- 
able only under steady load and speed conditions. 
A sudden drop in speed of the prime mover and 
transmitter may cause the receiver to become the 
transmitter momentarily until the stored energy of 
the load has been equalized, but the equalizing torque, 
curve 2 of Fig. 4, that can be transmitted back to 
the prime mover is quite limited. Therefore, for 
variable-speed operation where there is considerable 
flywheel effect at the receiver, and little friction to 
absorb variations in kinetic energy, the curve referred 
to gives a true indication of the load that can be 
transmitted safely when mechanical rotation and field 
rotation are in the same direction. 

When mechanical rotation of transmitter and re- 
ceiver is opposite to the field rotation, the receiver 
torque is reduced but does not fall off with increased 
speed. Also, there is no loss of synchronizing power 
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when the torque is suddenly reversed without reversal 
of rotation. For this reason, where the three-phase 
synchro system is operated in one direction and where 
either the prime mover or receiver loads are fluctuat- 
ing, the direction of rotation should be against the 
field. 

When the system operates in either direction (with 
or against field) and is subject to overhauling loads 
which cause a transfer of position of the receiver and 
transmitter, the synchro units must be limited to the 
torque capacity specified for the worst conditions. 
Thus, where reversing operation is required, the in- 
ertia of the receiver and load and the rate of ac- 
celeration and deceleration must be studied carefully 
to determine the torque requirements. In some cases. 
the primary leads may be reversed when mechanical 
rotation is reversed. This reverses the direction of 
field rotation, makes the maximum synchronizing 
torque available in either direction, and permits the 
use of smaller frame sizes for the synchros. An ex- 
ample of this type of application is in synchronized 
hoisting when the hoisting power is applied at more 
than one point. When a synchro system that is op- 
erating against the field pulls out of step, the re- 
ceiver comes to a stop and, if load conditions permit, 
goes to full speed in the opposite direction as an 
ordinary induction motor. If desired, a control scheme 
can be used to shut down the drive when the synchros 
pull out of step and the receiver attempts to run in 
the opposite direction. 


Effects of Number of Poles. When synchros are 
phased out, the induced rotor poles of both receiver 


and transmitter are in the same relative position with 
respect to their stator poles. However. in terms of 
relative physical position, the receiver rotor can be 
phased out in as many mechanical positions as there 
are pairs of poles on the receiver stator. Thus, a 
four-pole receiver can be phased out in either of two 
mechanical positions. Similarly, a six-pole receiver 
can be phased out in any of three mechanical posi- 
tions. This characteristic must be considered if the 
receiver rotor is to remain in the same mechanical 
position with respect to the transmitter rotor, in an 
indicating system, for example. This requirement can 
be met by keeping the stators excited when the drive 
is at standstill. However, if there is an appreciable 
displacement angle at standstill, the synchro units 
may overheat when the stators are kept on the line 
for long periods of time, unless forced ventilation 
is used. When overheating is a possibility, thermo- 
static or timing devices should be used to disconnect 
the unjts from the line. 

The transmitter and receiver need not have the 
same number of poles for proper operation. For ex- 
ample, a four-pole receiver can be operated from a 
six-pole transmitter, or a six-pole receiver from a 
four-pole transmitter. In these cases, the receiver 
operates at the same percentage of its synchronous 
speed as the per cent synchronous speed of the trans- 
mitter. Thus, a four-pole receiver operates at 1200 
rpm when connected to a six-pole transmitter that is 
operated at 800 rpm. This type of synchro system 
usually requires special design because of the neces- 
sity of matching electrical characteristics on two dif- 
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ferent frame sizes. Most often, it is more economical 
to use units with the same number of poles and apply 
suitable gearing to either the transmitter or receiver 
to obtain the desired speed on the receiver load. An 
added advantage is the fact that duplicate electrical 
and mechanical designs can be used for the synchro 
units. 

When the prime mover is subject to sudden changes 
in speed, or when the receiver load is fluctuating, the 
system may hunt and occasionally lose synchronism. 
A convenient means of reducing this hunting is to add 
resistance in series with the synchro rotors, but this 
reduces the amount of synchronizing torque avail- 
able between the two units. Another means involves 
use of V-belts between the receiver and its load to 
provide a damping effect, isolating the load fluctu- 
ations from the receiver shaft. In cases where the 
receiver runs at times with light loads and low 
inertia, a flywheel on the receiver will keep the 
system in synchronism. 


Adjusting Speed Relationships. In a simple system, 
the only way to change receiver speed is to change 
transmitter speed. However, use of a_ frequency 
changer (sometimes called a phase advancer or elec- 
trical differential ) makes it possible to adjust the speed 
of the receiver itself. For this purpose, the frequency 
changer is inserted in the rotor circuits of the system 
as in Fig. 5. To illustrate, assume for simplicity that 
the three units—transmitter, receiver, and frequency 
changer—are of four-pole design. If the transmitter 
is driven at 1200 rpm with 60-cycle voltage on the 
stator, the frequency of the induced transmitter rotor 
voltage is 20 cycles. If the frequency changer is at 
standstill, this 20-cycle voltage is induced in the 
frequency-changer rotor and appears on the rotor 
of the receiver. The receiver has a 60-cycle stator 
frequency and a 20-cycle rotor frequency, which 
cause it to operate at 33 per cent slip or 1200 rpm. 
When the frequency changer is at standstill, the 
receiver operates at the same speed as the transmitter. 

In contrast, if the rotor of the frequency changer 
is driven at a speed of 50 rpm, and the 20-cycle volt- 
age from the transmitter rotor is impressed on the 
frequency changer stator, the frequency changer slip 
is 92 per cent because its synchronous speed at 20 
cvcles is 600 rpm. The frequency of the induced volt- 
age in the frequency changer rotor is 20 times 0.92 
or approximately 18.4 cycles. The receiver now has 
a 60-cycle stator frequency and an 18.4 cycle rotor 
frequency. This corresponds to a slip of 30.5 per cent 
for the receiver. The receiver now operates at a speed 
of 1800 times 0.695 or 1250 rpm. When the synchro 
units and the frequency changer all have the same 
number of poles, the speed of the receiver is the sum 
of the speeds of the rotors of the transmitter and 
frequency changer. This is true when the rotors of 
the receiver and frequency changer are rotating in 
the same direction as their stator fields. If either 
rotor were to rotate against its stator field, the re- 
ceiver speed would be the difference between the 
transmitter speed and the frequency-changer speed. 

A typical application of a frequency changer is 
found on a paper coating machine. Here the synchro 
system is used to match the speed of the coater sec- 
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FIG. 6 — Adjustable 
synchronized speeds 
from standstill to oper- 
ating speed are possible 
by using a variable sec- 
ondary resistance com- 
mon to both rotors. 
This arrangement is 
known as a semi-syn- 
chro system. 


Driven 
Section 





3-Phase, 
60-Cycle 


Section 


~<———Secondary Resistors 


Speed-Changing Contactors 


Driven 







FIG. 7—A pair of aux- 
iliary synchros must be 
added to a semi-synchro 
system if the synchro- 
nizing torques at higher 
speeds are desired. As 
its operating speed ap- 
proaches two-thirds of 
synchronous, the torque 
in a semi-synchro sys- 
tem drops off rapidly. 


tion to the drying roll. (See headpiece). The tre- 
quency changer makes possible draw-speed difference 
adjustment as well as a speed adjustment to match 
roll diameter variations due to repeated grinding. 
Several methods of obtaining speed adjustment with 
a frequency changer are possible. Typical is the use 
of a small d-c motor, as shown in Fig. 5a. Changing 
the speed of this motor from 300 to 1800 rpm with a 
field rheostat adjusts the receiver speed between 1250 
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and 1500 rpm. Inserting a speed reducer between 
the frequency changer and the d-c motor provides 
“mechanical amplification”. For example, with a 6-to-1 
gear ratio, a speed change of 3 rpm in the d-c motor 
will result in a % rpm change in the receiver speed. 
Another method involves the use of a mechanical 
speed adjuster, Fig. 5b. In this case, the frequency- 
changer speed reducer is driven by a constant-speed 
receiver through the mechanical speed adjuster. This 
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Servo Systems 


For references to other articles appearing in 
ELECTRICAL MANUFACTURING dealing with servo 
control systems, many involving the use of syn- 
chros, 


the reader is referred to the bibliography 
on “Servo Control Systems” 
1953, page 105; 


appearing in March 
also page 108 of this issue. 





scheme is recommended when very accurate speed 
matching must be maintained in the drive from stand- 
still to top speed, regardless of the setting of the 
receiver speed adjusting dial. 

If the synchro units and frequency changers are 
to be identical machines for purposes of interchange- 
ability, special consideration should be given to their 
design to provide the correct voltage relationships be- 
tween the stators and rotors. Since the frequency 
changer introduces an impedance into the rotor cir- 
cuit of the synchros, the available synchronizing torque 
between the transmitter and receiver is materially 
reduced. This usually requires that the synchro sys- 
tem be of liberal design to assure that the equipment 
stays in step during load swings. 


Semi-Synchro Systems. Two wound-rotor motors 
that have their secondaries connected to a common 
secondary resistance will, within limits, maintain a 
synchronized speed relationship. This type of circuit 
arrangement is called a semi-synchro system, Fig. 6 
and is used when the receiver and transmitter units 
must also serve as the drive motors. Typical examples 
are the drives for large cranes and vertical lift bridges 
where several motors must be kept in step. 

The semi-synchro system provides adjustable as 
well as synchronized speeds from standstill up to the 
desired operating speed by adjusting the common 
secondary resistance. The effect of the secondary 
resistance with regard to speed control is similar to 
that obtained with resistance in the external rotor 
circuit of a single wound-rotor motor. However, since 
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FIG. 8—A-c power supply for synchro system 
’ must have sufficient capacity to provide power 
required by both transmitter and receiver. As 
shown above, these requirements increase as 





the displacement angle becomes greater. 










operation is with the field, the available synchronizing 
torque is reduced sharply as the speed approaches 
approximately two-thirds of synchronous speed. Also, 
for fluctuating loads on either unit, the available 
synchronizing torque is limited in the same manner 
as discussed previously for synchros that operate with 
the field. When a semi-synchro system must be op. 
erated up to the normal induction motor speed, auxili- 
ary synchros can be added to the system to provide 
the Poe synchronizing torque at the higher 
speeds, Fig. 7. The auxiliary units must be connected 
for operation against the field. 

When a drive requires adjustable as well as syn- 
chronized operation over the wide speed range, it is 
usually more economical to apply a d-c motor to one 
of the machine sections and use the d-c motor as a 
prime mover for a straight synchro drive for the 
other machine sections. 

The characteristics required of the a-c supply for 
synchro systems is often a design consideration. This 
problem arises when it is necessary to have an auxili- 
ary power supply for the synchros only. An example 
of the need for an auxiliary a-c supply is in the case 
of hoisting applications where a d-c supply alone is 
available. At first glance, it appears that the a-c 
supply need have capacity just for the stator excita- 
tion losses. This is true only during steady-state con- 
ditions and for relatively small displacement angles. 
As the displacement angle increases, the excitation 
and I?R losses increase, Fig. 8. Since the purpose of 
a synchro system is to maintain a speed match by 
providing synchronizing torques, the a-c supply must 
have sufficient capacity to provide the large stator 
currents required during synchronizing action. 


Ratings and Frame Sizes. Since synchros usually 
operate over a speed range, they are rated on a torque 
basis rather than in horsepower, as is the case with 
an ordinary induction motor that operates at constant 
speed. Although varying with individual designs and 
ratings, most synchro units transmit continuously the 
normal rated motor torque at speeds as low as 50 to 
75 per cent of synchronous without reaching unsafe 
temperatures. If a 40 C temperature rise is to be 
maintained over a speed range, the units must be 
force ventilated or larger frame sizes used. When the 
synchro system is to operate continuously at reduced 
speeds, the rotor iron losses are increase -d because of 
the high induced frequencies. Also, in a similar man- 
ner, for any given frame size, speed, and steady-state 
load, the rotor heating is greater for operation against 
the field than for operation with the field. 

Peak-load torques and accelerating torques also 
must be considered in selecting synchros. For ex- 
ample, the rating of a receiver that is to drive a high- 
inertia load may be determined almost entirely by 
the required accelerating torque and by the peak 
torques that will be encountered during the momen- 
tary speed changes imposed by the main drive. If 
dynamic braking and quick stopping are used on the 
transmitter prime mover, a higher torque rating may 
be needed because during rapid decelerations, the 
receiver may act as a transmitter, and the torque 


then available (rotation with field) for synchronizing 
ooo 


is much less than for acceleration. 
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Reversed Bimetal 


Thermostats 


By butt welding two pieces of bimetal with the 


high and low expansion sides reversed, thermostats can 


be compensated for thermal lag; overshoot and overtravel 


can be reduced, and quick make and break obtained. 


Unto U. Savolainen, General Plate Division 
Metats & ConTROLS CORPORATION 


THERMOSTAT METAL is a material made up of two or 
more layers, each of which has differing expansion 
coefficients; when the temperature is changed the 
material will bend or deform. While all composite 
materials have differing expansion coefficients, in 
thermostat metals the difference in expansion coeffi- 
cients is the principal factor in their selection. 

In the performance of thermostat metal three fac- 
tors are involved besides temperature change: Coeffi- 
cients of expansion, elastic modulus and _ thickness. 
The coefficient of expansion is the most important, 
since the thermal activity (deflection vs. tempera- 
ture) is proportional to 1.5 times the difference in 
coefficients. Since the coefficients of thermal expan- 
sion of the components vary to some extent with 


Based on material originally presented before the AIEE Appliance Technical 
Conference, Louisville, Ky. April 1953 
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SIMPLE BEAM 
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temperature the thermal activity is generally not a 
straight line. 

Other factors of importance in the selection of 
thermostat metals are: Electrical resistivity, elastic 
limit, corrosion resistance, thermal conductivity and 
specific heat. 

These properties are the result of the properties of 
the components in the composite material. Stiffness, 
resistivity, thermal conductivity and specific heat can 
readily be calculated. Elastic limit is determined by 
the weaker material. Corrosion resistance is partic- 
ularly affected by the fact that two materials are 
involved and galvanic couples may induce electrolytic 
corrosion. 

Typical elements used as actuating members are 
shown in Fig. 1. These types of elements are well 
known, as well as their possibilities and their limita- 
tions. They are made from sheet or strip in which the 
components are continuous throughout the element. 
What would happen if this were not the case? What 
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FIG. 1 — Typical bi- 
metal thermostats us- 
ing a single element. 































































can be done with elements having a reversal of the 
high and low expansion sides somewhere along their 
lengths or widths? 


Reversed Thermostat Metal. Regular thermostat 
metal is made by several methods of bonding two 
materials together and rolling them into sheet or strip. 
To make reversed thermostat metal, two pieces of 
regular thermostat metal are flash butt-welded with 
the high and low expansion sides reversed, as seen in 
Fig. 2. After the flash or upset is removed, the mate- 
rial is rolled to finished size. The weld must be con- 
fined to a narrow area in the strip. 

Not all types of thermostat metals lend themselves 
to making sound, strong reverse welds. If the two 
components of the material have similar electrical 
resistivity, chemical composition and melting point, 
sound and strong welds are relatively easy to make: 
Otherwise some difficulty is experienced. But the 
widely used bimetals are readily welded. 

Reverse thermostats may also be made by lap 
welding two bimetal elements, which permits using 
different thickness for the two parts. A practical proc- 
ess of making a long strip in this way would be 
taking strips of the appropriate thicknesses, reversing 
them and seam welding a lap and, from this long 
length, cutting individual elements across the width. 


Applications of Reversed Thermostat Metals. Ditfti- 
culties inherent in normal thermostat metal elements 
have been overcome by reversed thermostat metal in 
such applications requiring: Overshoot compensation, 
straight-line motion, and positive make-and-break. 


Compensation in Flat Iron Thermostats. The trend 
to higher wattage heating elements in flatirons has 
introduced temperature overshoot in the first heating 
cycle with usual thermostat metal elements. Reversed 
thermostat metal in the thermostat elements can 
eliminate or minimize the initial overshoot. 

Referring to a typical construction shown in Fig. 3, 
the cantilever thermostat element is attached to the 
sole plate and a bridging member on the end of the 
cantilever operates the contacts. A normal unreversed 
element receives substantially all its heat from the 
sole plate by conduction, and the temperature of the 
element will lag behind the temperature of the sole 
plate. On the first cycle the operating temperature at 
which the contacts open is higher than it would be if 
the entire length of the thermostat element were 
heated. 

Flow of heat from the sole plate of the thermostat 
element will continue until by the end of the first 
complete heating and cooling cycle the element attains 
a substantially stable temperature gradient. This sat- 
uration of the element during the first portion of the 
cooling cycle will actually increase the contact open- 
ing and on further cooling of the entire structure will 
delay closing of the contacts. The delay will permit 
the temperature to fall to a lower value in the first 
cycle than it should. 

A reversed thermostat element can compensate for 
the thermal lag and diminish the overshoot. During 
the first heating cycle, the element acts substantially 
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as a normal element due to thermal lag. The primary 
section attached to the sole plate reaches a temper- 
ature which produces downward bending sufficient 
to break the contacts before flow of heat reaches the 
secondary reversed section. After the initial surge of 
heat in the primary section, it will start to cool but 
heat will continue to flow into the secondary reversed 
section. Being reversed to the primary element, it will 
move upward decreasing the contact spacing while 
the cooling of the primary element also operates in 
the same direction. The second heating cycle there- 
fore will start at a temperature higher than would be 
the case if the thermostat element were a normal un- 
reversed element. By this time thermal equilibrium 
has been substantially reached; the downward bending 
of the primary element is partially compensated for by 
the upward bending of the secondary reversed ele- 
ment so that the second cutoff temperature remains 
substantially the same as the first, and this continues 
through additional cycles. 

The reversed element may be tapered and _ the 
relative thickness, length and type of thermostat metal 
selected for the two sections for optimum perform- 
ance. When different thicknesses are needed for two 
sections a lap-welded rather than a butt-welded com- 
bination is necessary. 
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FIG. 2 (Left) — Construction 
of reversed thermostat metal. 
Sections of similar materials 
may be butt welded and then 
rolled to finished size; two 
separate pieces may be lap- 
welded when a different thick- 
ness is needed for one of the 
elements. 


FIG. 3 (Left)—Application of 
a cantilever lap-welded _re- 
versed thermostat to a flat iron 
to eliminate overshoot on ini- 
tial operation. 
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FIG. 4 (Left)—Reversed ele- 
ment for a pilot light safety 
control is unaffected by ambi- 
ent temperature. 
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FIG. 5—Location of point of reversal affects the time for response. 


Compensation in Gas Safety Pilot. A gas satety 
pilot element is required to open the main gas valve 
of a gas appliance, within a definite time after the 
pilot flame is turned on and if the pilot flame goes out, 
the main valve should close in a definite time. Maxi- 
mum safety requires a short closing time. 

In a typical design, Fig. 4, the gas pilot flame im- 
pinges on a thermostat metal element, and a rod oper- 
ated by the element energizes a switch and solenoid 
to close the gas valve. In a normal thermostat, exces- 
sive overtravel after the initial movement is necessary 
to operate the switch on lighting the pilot flame. The 
overtravel complicates the switch mechanism and in- 
creases the time required to close the main valve 
after pilot flame failure. 

The overtravel is caused not only by the conduction 
of heat along the element from the pilot flame but 
also by the ambient temperature which may reach as 
high as 600 F. The element necessarily has to be 
placed near or in the firebox of the furnace so that the 
pilot flame may simultaneously light the main burner 
and heat the element. Replacement of the normal 
thermostat element with a reversed element effectively 
corrects the difficulty. Initial heat from the pilot flame 
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to the primary section will cause deflection to the 
right and operate the switch. During this initial phase, 
heat has not yet been conducted through the reversal 
to the secondary section so that its reverse action does 
not interfere with the operation of the switch. As time 
goes on the primary section gets hotter, tending to 
move the end with extension rod further to the right. 
This, however, is compensated for by the flow of heat 
into the secondary reversed section which moves to 
the left. 

Ambient temperature overtravel is eliminated by 
designing the reversed element with the butt weld in 
such a position that on uniform heating there is no 
movement of the free end. Movement of the rod is 
thus determined by the temperature gradient along 
the reversed element. 

Effect of location of the point of reversal is shown 
in Fig. 5. The element was mounted on one leg and 
heated by a pilot flame on the inside of the U-bend. 
Movement of the lower end is plotted against time for 
the heating and cooling cycles. The reversed elements 
do not influence the movement on heating but do 
limit the overtravel and reduce the closing time. Re- 
versed element C closes in one-third the normal time. 
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Stack control Reverse thermostat metal element 


FIG. 6 — Multiple-loop construction gives linear 


motion over a wide temperature range for an oil 
burner stack control. 


High expansion side~ 


Reversed thermostat metal element thermostat 


FIG. 7—Reversed thermostat may use the heating 
effect of current in the second element to provide 
positive make and break. 





Straight Line Motion in Flame Detector. Flame 
detectors for domestic oil burners disconnect the igni- 
tion after the fire is ignited. One type of switch mech- 
anism, Fig. 6, calls for linear motion of the flame- 
detecting element for its operation. The common ther- 
mostat elements do not give linear motion over the 
wide temperature range encountered—from room am- 
bient to 700 F. A multiple reversed thermostat metal 
element overcomes the difficulty. The assembly con- 
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FIG. 8—Controlled time delay before remake is 
obtained by a reversed element in this automotive 
circuit breaker. 









sists of the reversed thermostat metal element which 
is installed in the furnace stack, with a connecting rod 
to transfer the element movement to the contact arm 
through the carbon friction blocks. The cold and hot 
stops limit the movement of the contact arm but not 
that of the element. The reversals are placed at the 
particular points shown to obtain linear motion, A 
high rate of movement is obtained from this type 
element because a considerable length of materia] 
can be placed in a small space. 


Positive Make-and-Break-Thermostat. In a thermo- 
stat element consisting of a simple cantilever strip 
operating a movable contact, making and breaking of 
contacts is slow, depending on the rate of temper- 
ature change. A reversed thermostat metal element 
can be designed to give positive make and break of 
the contacts. As shown in Fig. 7, the primary part of 
the element is relatively long and thick, and designed 
for low resistance so that passage of current has little 
heating effect. With current flowing through the con- 
tacts the reversed secondary section is heated by the 
current and moves upward, tending to hold the con- 
tacts closed until the downward movement of the 
primary section opens the contacts. With interruption 
of current the secondary section cools and opens the 
contacts further. 

Making of contact is similarly positive. With a drop 
in ambient temperature the primary section moves up- 
ward to establish contact, and the heating effect of the 
current on the secondary part establishes firmer 
contact. 

An application of the same idea is found in a small 
automotive circuit breaker in which operation is 
obtained by heating of the thermostat metal by cur- 
rent. If a simple thermostat metal strip were used, the 
heating on excess current would continue to the 
instant of contact break. Immediate cooling would 
start with corresponding movement of the element to 
re-establish contact which would cause continual 
arcing. A definite time delay is obtained by use of a 
reversed thermostat metal element structure as shown 
in Fig. 8. Because of the positions of the high expan- 
sion sides of the two sections, the secondary or com- 
pensating section will tend to move down and main- 
tain contact while the primary operating section will 
tend to break contact on current flow. The secondary 
element is made narrower, of material of higher elec- 
trical resistivity but shorter than the primary element. 
and the secondary section is heated well above the 
ambient temperature. Being short it conducts its heat 
rapidly to the adjacent parts, including the primary 
section. Under normal current the downward move- 
ment of the secondary section predominates due to its 
higher temperature and contact is maintained. On 
abnormally high current its temperature tends to go 
still higher but increased conduction to adjacent parts 
increases the temperature gradient. Temperature rise 
of the primary section due to current heating plus the 
flow of heat from the secondary section will cause it 
to open the contacts. Cessation of current flow pro- 
duces immediate cooling of the secondary section fur- 
ther opening the contacts, producing positive make- 
and-break and a fixed time delay. 
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Designing Keversed Elements. The simplest type of 
reversed thermostat is the cantilever element shown 
in Fig. 9, with the general equation for the deflection 
of such an element when uniformly heated through- 


out its entire length. This will give the deflection for 








8- gar (b°-2ab-0°) Cp = Strip deflection constant 
b>240 B=+4 47T= Temperature change 
b=240 8=0 

b<240 B=- 


Reversed thermostat metal cantilever element. General case 
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Czand Cp'= Strip deflection constants of sections 
a+b respectively. 
Reversed thermostat metal cantilever element. Special case 





Co 4T 
B= 2°" [62+ 48% 27 Rb-(0°-Zox-x4)+2b(0-x)/ 
Reversed thermostat metal U-shape with reversal in one leg 


FIG. 9—Deflection can be calculated for these 
three types of reversed thermostats. 






Reversal--° HES<. }~ 


“sss 


(02+ 17Ra+2R*) 


T 





Action on heating 





Reversals 
' 
\\ \ {a> 
il, 
| 
| 
\ { 
/ \ 
( } P 
\ ely 





FIG. 10—Deflection calculation for two U shapes. 
To keep the motion in the plane of the mounting 
requires a special construction with two elements; 
with three or more, motion is linear but cannot 
be readily calculated. 
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various section lengths which may be of different 
types of thermostat metals and of different thick- 
nesses. When the ratio of the lengths a and b is 1 to 
2.4, and the materials and dimensions are the same, no 
movement at the free end takes place. Another com- 
mon type, the U-shape with reversal in one leg, is 
shown with the deflection equation. 

Straight line motion as described in the section on 
the flame detector is obtained by taking two U-shapes 
and combining them into a unit with a reversal at the 
center, as shown in Fig. 10. If the high expansion 
side is on the inside, on heating the distance between 
the ends will increase by an” amount calculable by 
the formula. If the element is rigidly fastened at one 
end, the mounted end will assume a uniform arc tan- 
gent to the mounting point and give the other end a 
horizontal as well as a vertical movement. To provide 
linear movement in the plane of the mounting the 
third design can be used with the angle about 30 deg 
and the sides of the U parallel. 

Linearity holds only for a temperature range which 
does not greatly change these angles. A construction 
using a combination of three U-shapes with two re- 
versals at points indicated has no limitations as to 
temperature range, but is not as efficient as the first 
construction. OOD 


Epoxy-Molded Transformer 


Tuts Allis-Chalmers through-type current transformer 
(Type TWM) for indoor and outdoor use is molded 
in an epoxy-type resin to achieve weather-resistant 
strong construction with long-life characteristics. The 
epoxy molding has a triple function—electrical insula- 
tion, support and casing. 

Small, compact and lightweight, several of these 
transformers can be easily installed together in a 
standard meter installation case. The elliptically 
shaped window (1% x 2% in.) accommodates two 
500-MCM stranded conductors with 600-volt insula- 
tion. Mounting in vertical, horizontal or inverted posi- 
tion; base can be rotated 90 deg. Transformer has 
conventional accuracy for light burden metering. 00 0 
























Automatic Production of 


Modular Electronic 
ubassemblies 





National Bureau of Standards has developed a design and production system 


for the Navy based on tiered stacking of wafer elements involving printed circuit 


techniques, aimed at interchangeability, ruggedness and reliability. 


A MODULAR DESIGN of electronic subassembly and a 
means for automatic manufacture and assembly of 
such units in quantity has been announced by the 
Navy and the National Bureau of Standards. The 
program was sponsored by the Navy Bureau of Aero- 
nautics as an industrial preparedness measure in pro- 
duction research. A pilot plant has been constructed 
at Arlington, Va., and is being operated by the Kaiser 
Electronics Division of the Willys Motor Co. Some of 














the equipment was built by Kaiser Electronics, others 
by the Doughnut Corp. of America. The design and 
production system, called Project Tinkertoy, exploits 
printed circuit techniques, using silver conductor 
paints for wires, thin ceramic capacitors, adhesive 
tape resistors and dip soldering. Major steps in the 
production process are pictured in sequence. 

The new method of production grew out of a search 
by the Bureau of Aeronautics for a means to break 
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Mechanized assembly line devised by National Bureau of Standards for electronic module assembly. 
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Application of NBS module electronic build- 
in blocks (right) to radio altimeter. De- 
signed by Saunders Associates, Inc., it re- 
places the conventional design shown at left 


Basic modular building block consists of a 
stack of four to six steatite wafers each hav- 
ing printed silver conducting circuits and 
tape resistors, titanate capacitors and other 
miniaturized components mounted thereon. 
Twelve riser wires serve as structural mem- 
bers and as intercircuit conductors. 


the electronics bottleneck which had posed a serious 
logistical problem in World War II and at the 
beginning of the Korean conflict, and which con- 
fronts military planners in event of all-out mobil- 
ization. .Assistance was sought from the National 
Bureau of Standards, which had conducted research 
in developing a standardized system of electronic 
modular design. In 1950, a program was sponsored at 
NBS and contracts for development and building of 


machines that would construct complex electronic 
circuits were awarded to private industry. Some 70 
per cent of the $4,700,000 allocated by the Navy for 
this project went to these subcontractors. 

The basic element in the NBS modular design sys- 
tem is a ceramic wafer of electrical grade steatite with 
three notches equally spaced on each side. On the 
two faces of the wafers are assembled resistors, ca- 
pacitors, inductors, tube sockets and other components. 
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Planned production is 1000 module units an hour 
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A series of these wafers when stacked one above the 
other, with notches aligned and conductors fitted and 
soldered, interlock in a wide variety of circuit ar- 
rangements. Wire conductors serve as structural sup- 
ports as well as circuit conductors. The end product, 
a plate assembly of stacked wafers, mechanically 
wired and soldered, may be fitted into any suitable 
structure. Electrical connection may be made to it by 
several methods. Perfection of a plug-in connection, 
promising a practical method of utilizing the plate 
assembly, will enable relatively untrained personnel 
to replace quickly any defective part of an electronic 
unit. 

Wafers are made from steatite, consisting of talc, 
kaolin and barium carbonate in controlled quantities. 
After the powder mix is stamped into green wafers in 
dual pressure presses, the % in. sq. x Me in., wafers 
are fired at 2300 F for 9 hr. Automatic gaging of 
dimensions and for warpage follows. 

Capacitor bodies are pressed from mixtures of 
magnesium, barium, calcium, strontium and _ zir- 
conium titanates in squares of % x 0.002 in. Capacity 
values are around 10 mmf; K values range from 5 to 
10,000. 

In the manufacture of tape resistors, carbon black 
mixed with a resin binder is sprayed on Quinterra 
asbestos paper, then covered with a protective sheath 
of polyethylene tape. These tape resistors are slit into 
desired width and when cut to 4-in. lengths range 
from 10 ohms to 16 megohms. They are capable of 
4-watt power dissipation at operating temperature 
and will hold their resistance values within + 10 per 
cent up to 400 F. 

In the mechanized production setup, machines are 
used to apply up to two capacitors to each side of a 
wafer. Other machines apply either one or two 
resistors to each side. Tube sockets are also mounted 


Vibratory bowl feeder (Syntron) used to issue oriented 
wafers and component-mounted wafers to processing 
machines. Each wafer has twelve peripheral notches and a 
keying notch on one side which serves to orient the wafer. 
Stops permit the wafer to exit only if the keying notch 
is in the proper position. Steps and inverting grooves are 
placed in the channels to insure this. 


Conducting circuits are simultaneously stenciled with 

silver paint on up to six ceramic wafers carried under 
the printing screen by roller chain conveyor. In foreground 
is mechanical squeegee for forcing paint through stainless 
steel screen with circuit pattern photoprinted thereon. 
After drying and inversion of wafers, circuits are printed 
on other surface. 


After conductor circuit is printed on ceramic wafer 
and fired, conducting circuits are inspected automati- 
cally on this tester which is programmed by punched cards 
(middle left). Wafers are fed from vibratory aligners. 
Test equipment for Tinkertoy Project was designed and 
built by Communications Measurements Laboratory, Plain- 


field, N. J. 


In this merry-go-round type machine, the silvered 
surfaces on titanate capacitor disks are tinned by 
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on wafers so that the spring socket pieces will connect 
with the notches into which riser-conductor wires are 
later soldered. A tubular rivet holds the socket to 
the wafer. 

During each stage of production, provision is made 
for 100-per cent automatic inspection. This is both a 
physical gaging and an_ electronic comparison. 
Printed circuits, resistors, and capacitors are com- 
pared with their salient component equivalents both 
before and after assembly. This is accomplished by 
use of electronic computers, bridge circuits, and other 
comparison devices. The testing “code” is contained 
on punched cards prepared by the design engineer. 
After the final assembly of the module the whole cir- 
cuit is again tested to see that it meets specifications. 


In final assembly (now done manually) a set of 
modules (sometimes as many as ten) are mounted on 
or between copper-clad dielectric base plates into 
which circuits have been etched to connect the riser 
wires of the several modules to form a complete elec- 
tronic circuit. Several such plate assemblies may form 
an equipment. One base plate with six modules, for 
instance, contains all the necessary circuits to make a 
six-tube radio receiver. 

Production programming is done with the aid of a 
work sheet containing the front and back views of 
six wafers with identifying numbers on each notch, 
riser wire and electronic component to be placed on 
the wafers. The designer translates a conventional 
circuit diagram into this pattern noting the values of 
the components and tolerances. Lines are drawn to in- 
dicate circuit connections between wafers. From this 
work sheet stencil patterns for the circuit printing 
machines are prepared. The work sheet is also used to 
establish the inspection procedure by punching holes 
on inspection setup cards. OOO 









being alternately dipped in flux, molten solder and a rinse. 
A similar machine tins the conductor patterns and_ the 
riser notches on the steatite modular wafers. 


This machine applies resistor tapes in pairs to wafer 


surfaces. Narrow from reels, pressed 
lightly against the ceramic, and %-in. segments cut off. 
Second station completes attachment by 


heavier pressure through rubber pads. 


tape is fed 


application of 


Module assembler. Six vibratory feeders issue wafers 

with integral components to loading jig on chain 
conveyor that holds them in upright position. Six riser- 
conductor wires, three to a side, are guided into appro- 
priate notches and soldered in place by electric “irons” 
supplied through variable transformers. The assembly is 
then rotated 90 deg about its central axis and carried to 
a second station (left) where six more riser wires are 
bonded to the module. 


G Circuit connections between modules are completed 
by clipping riser wires as determined by circuit pat- 
tern. In this picture, the modules are seen being carried 


in fixtures to shear blades. Automatic inspection of circuits 
follows. 
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Direction-Sensitive Electronic Counter 


Device for two-directional 
sequence counting utilizes 
solenoid-type counters; 

offers compactness, low cost, 





function, the NBC direction-sensitive 
counter operates electronically, offer 


A COMPACT direction-sensitive counter 
developed at the National Bureau of 
Standards has several novel circuit ing the advantages of a system com 
features. The counter is sensitive pletely without relays; specifically 
to objects passing it in either direction lower cost, smaller size, and_ less 
low power requirements. and will keep a separate count of 
Martin A. Belfield, those that have passed in each direc- 
Ruleoaseey Misttranic Mechanic tion. Although some present count- 


National Bureau of Standards ing systems will perform the same 
8+ 275¥ 






stringent power-supply requirements 
Its top counting speed is approxi 
mately 180 units per sec. 






Fig. 1 is a circuit diagram of the 
counter using solenoid-type counters 
An object passing through the count 
ing zone produces four distinct states 
within the counter circuit; these states 
















are necessary to proper operation. As 
the object moves into the counting 
zone, it first extinguishes the light to 





os \—+----) one photoelectric cell, and then ex 


01 tinguishes the light to the next photo 
OM 
~#i\ Peebde | | | 
33>, - « “3 
4 | 


electric cell. As the object moves on 
the light to the first cell is restored 

; and then the light to the second cell. 
PHOTO 4} SN A} i In the “ready” condition, input 
~ tubes Vi and V2 are biased to cut 
off by a standard phototube circuit 
— When the object to be counted inter 
J rupts the beam associated with Vi. 
this tube will conduct, and its plate 

current through transformer Tj pro- 
duces a positive pulse at the plate of 
Vis, charging capacitor C;. <A posi: 
tive triggering pulse is supplied to 
| Vs, a negative pulse is supplied to 
































the No. 2 grid of Vio, and grid No 

1 of Vo becomes positive with the 

C-30» rise in cathode voltage across resistor, 

Fig. 1—Circuit diagram for NBS-developed direction-sensitive electronic counter. Ri. However, since neither Vs nor 
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All Electric Demonstration 


IN a sMALL completely equipped, all-electric house 
built by the General Electric Company in Dallas, total 
capacity of the electrical facilities represents a maximum 
load of approximately 53 kw in winter and 46 kw in 
summer. A 100-amp Trumbull load center with circuit 
breakers protects the house circuits, while two 60-amp 
load centers serve the Weathertron (heat pump). 

In addition to the heat pump (see June 1953, page 
116) which cools and heats the house the year round, 
appliances include an electric water heater, remote con- 
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trol wiring, light conditioning, and a complete kitchen 
and laundry with 1ll-cu ft refrigerator-freezer combina- 
tion, two-oven range, dishwasher, garbage disposer, 11- 
cu ft food freezer, automatic washer, dryer and automatic 
ironer. Kitchen appliances are arranged on parallel walls 
as shown in the illustration. 

Nearly all lighting is fluorescent, a 25-volt remote con- 
trol system providing multiple control points for most 
outlets as well as all lighting. Loudspeaker system gives 
room-to-room control of music from a central point. 


Vio has any plate voltage at this 
time, nothing occurs. 

As the object progresses through 
the counting area, cutting both beams, 
the signal to V2 causes C2 to charge, 
and C; to discharge. Ci is discharged 
at this time by firing thyratron Vz to 
prevent Vo from activating the sub- 
traction counter. This thyratron is 
triggered by a positive pulse at its 
grid, produced by the voltage rise 
across Ro. At the same instant, a 
negative pulse also reaches grid No. 2 
of Vo, but it has no effect. Grid No. 
| of Vio becomes positive with the 
voltage rise across Roe. 

When the object to be counted 
moves on and permits the beam again 
to activate the phototube which biases 
Vi, the tube will be driven to cut off. 
The positive pulse from the screen 
grid of Vi will reach the No. 2 grid 
of Vio and, since the No. 1 grid is 
already positive, fire the tube; Ce is 
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then discharged through the addition 
counter, causing it to register a count. 
When the object has passed through 
the counter, the device is automatic- 
ally reset for the next counting opera- 
tion. An object passing through the 
counting zone in the opposite direc- 
tion will produce a similar action and 
cause the subtraction counter to 
register. 

Neon lamps are not required in the 
circuit if a smooth flow of objects 
is expected. However, if an object 
enters the counting zone twice or 
more, and retreats each time, the 
neon lamps prevent an excessive volt- 
age built-up across capacitors C1 or 
In applications, the possibility of 
“fooling” the counter must be con- 
sidered. As can be seen from exami- 
nation of the circuit, if the object to 
be counted blanked out the two light 
beams, uncovered the first light beam, 


and then backed out of the area, a 
false addition and subtraction count 
would be registered. The probability 
of an object subject to counting enter- 
ing the counting area and backing 
out, however, is very remote. By 
placing the light beams close to 
gether, it would be virtually impos- 
sible for this object to perform the 
motion needed for a false count. 

The possibility of a slowly moving 
object creeping past the counting 
station without being counted is suit- 
ably eliminated. This possibility oc- 
curs because the activation of the 
circuit depends upon a surge cur- 
rent for the charging of the capacitor 
used to operate the relay. If the 
object to be counted moved through 
the light beam in such a manner that 
the build-up of the curent in the 
6AQ5 tubes Vi and V2 would be very 
slow, the transformer might not be 
effective in charging capacitors C; and 
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Ce. The possibility of this type of 
malfunction is avoided by selecting a 
beam of proper size. If the beam is 





made very small, the rate of change of 
current in tubes Vi and V2 can be so 
adjusted that the capacitors will re- 
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Fig. 3—Top view (cover removed) of direction-sensitive counter. Overall dimen- 


BINAURAL SOUND REPRODUCTION is 
the closest thing to live sound yet 
attained. It is recorded through two 
microphones on twin recording chan- 
nels on either discs or tape. In a 
manner of speaking, one channel for 
each ear. When played back through 
a twin system including a special 
phonograph tone arm, binaural ampli- 
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sions, 5 x 5 x 4 in. (Circuit in Fig. 2 has been used in this prototype.) 






Self-Contained Binaural Amplifier 


fier and two speakers, the sound has 
dimension, direction and great depth 
which give it a reality never before 
presented in the recording field. 
Special phonograph records, tone 
arms and tape recordings are avail- 
able, and in many cities radio stations 
are broadcasting binaurally using both 
their AM and FM facilities. The first 
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ceive a full charge, even at the lowest 
possible rate of movement through 
the beam. In trial runs, an object 
moving as slowly as 9 in. per sec was 
easily registered by the counter, 
Counts of slower moving objects can 
be made by improving the optical 
system. 

This circuit can be modified to use 
a recording-type indicator, such as a 
pen device actuated by a rotary relay.* 
Rotary relays require a higher-value 
activating current operating over a 
longer period than that required by 
solenoid counters. Addition of a 
recording indicator is accomplished 
by introducing a 2C51 tube and asso- 
ciated circuitry as shown in Fig. 2, 
The additional circuitry performs the 
function of stretching the pulse from 
the thyratron in order to provide the 
necessary energy to activate the rotary 
relay. 

Fig. 3 shows the small size (5x 
5x4 in.) of the counter; the cover 
has been removed. This photograph 
is of the prototype model and shows 
a unit constructed from the circuit in 
Fig. 2. The electromechanical counters 
are not shown; they are mounted on 
a separate chassis. A counter con- 
structed in accordance with the cir- 
cuit diagram of Fig. 1 would be 
identical with the one shown in Fig. 
3, minus one vacuum tube. 

The counter has the advantages that 
derive from the use of ordinary com- 
ponents. However, capacitors Ci and 
C2 should have a high leakage resist- 
ance so that the charges stored in 
them will not leak prematurely. 

Life expectancy of the directional- 
sensitive counter compares favorably 
with other types of phototube-actu- 
ated counters. The advantages of 
compactness, ease of installation, low 
cost, and almost silent performance 
make the NBS _ directional-sensitive 
counter a device which should find 
use in many processes. The counter 
is not commercially available. © 0 ! 


* See 


page 114, 


“Direct-Writing 
this issue. 
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binaural amplifier to be made avail- 
able complete with self-contained 
power supply, preamps and controls 
has been announced by Bell Sound 
Systems, Inc., Columbus, Ohio. 

The Bell model 3-D amplifier, illus- 
trated, includes three dual sets of 
inputs. Dual “flat” inputs for radio 


and tape, and a pair of dual inputs 








MANUFACTURING 





DESIGN TRENDS 








sini 
vest for phonograph records are provided. ance. Boost and attenuation are in- 
ugh The two sets of phono inputs provide corporated into the design of the 
ject for use of either high or low mag- bass and treble controls. A master 
was netic pickups, and are equalized spe- gain control is used. 
iter, cifically for all existing binaural Also included in the design are 
can records. three 110-volt a-c convenience out- 
tical The new Bell binaural unit is de- lets, a socket for remote pilot light, 
signed so it may be used for monaural separate level control on rear of 
use reproduction of conventional broad- chassis for audio input and _ special 
aS a casts, records or tapes through one dual output jacks for tape recorders. 
ay.° or both channels. In addition to a The amplifier uses 11 tubes. Power 
alue three-station input selector, the unit output is 10 watts each channel at 
Tra has a six-position function switch to mits the operator to compensate for — less than % per cent total distortion. 
| by select biaural, monaural, or reverse differences between loudspeakers, | Frequency response is 20 to 20,000 
f a binaural either with or without loud- pickups and listening areas in order eps, plus or minus % db, so that this 
shed ness control. A balance control per- to restore the original binaural bal- equipment is definitely “high fidelity.” 
1SSO- 
; . . 
the 
= | Shaft Seal Serves as Relief Valve 
the 
tary L. J. Woodward tionalizing devices and disconnect and remote locations in the distribu- 
High Voltage Switchgear Dept. any portion of the circuit in which a _ tion system, reclosers cannot possibly 
(5x General Electric Company permanent fault may occur. Oper- receive the same attention and care 
over ating in this manner, they provide a _ that larger power breakers receive in 
raph Om CIRCUIT RECLOSERS have long — very high degree of service continuity the transmission system. This means 
LOWS been used as protective devices on and minimize line and equipment that they are exposed to outside 
it in rural and suburban distribution power damage under fault conditions. These weather conditions for comparatively 
iters lines, and in this capacity they play devices are almost universally mounted _long_ periods of time, which in turn 
1 on a dual role. First, they act as ona distribution pole, Fig. 1, or sub- dictates special design considerations. 
con- high-speed circuit breakers to rid the station structure, and because a feeder _—_ Until recently, no attempt was made 
cir- system of any temporary fault that often may be many miles long, sev- to seal high-voltage oil-filled inter- 
be may occur and then immediately re- eral may be used at various locations _rupters used in reclosers because of 
Fig. close to restore the circuit to normal on the feeder for complete coverage. the need of expelling large amounts 
operation. Second, they act as sec- Because of their greater number of gas liberated during interruption. 
that 
:om- 
and 
2Sist- 
1 in 
ail Fig. 2—Rubber seal on the 
ably operating shaft was de- 
me signed to function as a 
a one-way valve, permitting 
‘1 " escape of gas but sealing 
_ against entry of outside air. 
ance 
itive 
find 
inter 
Of 
ents,” Tapered rubber seal allows gas to escape 
from tank... 
... but prevents 
air from entering 
vail- : 
ined Operating shaft 
trols Fig. 1—Automatic oil circuit reclosers 
yund are usually pole mounted and exposed Tank wall 
to weather. A breather was needed to 
illus- permit escape of gases during are <<. Trip-free handle permits recloser to lock-open, 
° ° : ° even though hook stick is held in 
s of interruption without allowing entry of detabenitiun 
-adio moisture. 
puts 
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All recloser designs allowed for the 
escape of the gas through some 
passage to the outside air. This same 
passage, however, afforded a ready 
breathing tube which permitted 
moisture-laden air to enter the tank 
during normal temperature fluctua- 
tions. In time, the liquid insulation 
contained in the recloser absorbed 
enough water to render it unfit as an 
insulating medium. It seemed obvi- 
ous that if a recloser was to remain 
in service for long periods of time, 
moisture had to be excluded. 

In combating the moisture prob- 
lem, several schemes were considered. 
The inclusion, within the tank, of a 
hydroscopic material would help, but 


this would tend to complicate the 
maintenance problem and, therefore, 
find little acceptance. Solid tank 
sealing in conjunction with a standard 
relief valve was also considered. 

An economical and effective solu- 
tion to this problem was finally de- 
veloped in sealing up the recloser, 
with one seal in the tank unidirec- 
tional in order that gases formed 
during arc-extenction could escape. 
A conical shaft seal was chosen for 
the job. A cross section of this seal 
and its relation to the recloser oper- 
ating handle is shown in Fig. 2. The 
conical shape of the internal surface 
of the seal allows expansion away 
from the shaft when internal pres- 


sure builds up and the excess gas 
escapes until the internal pressure 
is no longer high enough to keep the 
seal open.  Seal-off occurs and an 
internal pressure slightly above atmos. 
pheric remains. 

When a recloser is suddenly cooled, 
such as by a rainstorm, the internal 
pressure is reduced below atmospheric 
pressure. In the sealed recloser, moist 
outside air cannot get into the tank, 
and the shape of the external surface 
of the seal is such that the higher 
the external over the internal pres- 
sure, the tighter the seal grips the 
shaft. Therefore, even when a vac- 
uum occurs within the tank, outside 
air cannot get in. Ooo 


New High-Temperature Laminates Evaluated 


K. R. Hoffman and E. C. Elliott 
Product Engineering Laboratories 
Dow Corning Corporation 


ALTHOUGH thermal stability has al- 
ways been an important factor in the 
usefulness of thermosetting laminates, 
new materials and specialized uses 
for them have been developing so 
rapidly in the past few years that 
little is really known about the true 
heat resistance of many materials 
now accepted as standard. 


Not long ago, for instance, glass- 
cloth laminates bonded with phenolic 
resins were considered the ultimate 
in heat resistance when they retained 
their physical properties at 300 F. 
During the Second World War, lami- 
nates of melamine-glass were devel- 
oped which retained even better phys- 
ical properties at 350 F, and were 
widely specified for high temperature 
service. Just before the end of the 
war, silicone-glass laminates were in- 
troduced. Top operating temperatures 


were raised again, this time to 500 F. 

Since the war all these resins have 
been improved further. New resins 
have been developed, in turn en- 
couraging the development of new 
laminating methods. New glass fab- 
rics, surface treatments, new methods 
of cloth coating, better forming and 
curing techniques have been intro- 
duced, and the military is constantly 
encouraging developments in this field, 

One source of misunderstanding re- 


Comparative Heat-Aging Studies of High-Temperature Laminates, also Light Metals 





As received 

ly hr at 500 F 

200 hr at 500 F 
Tensile strength, psi 

As received 

4 hr at 500 F 

200 hr at 500 F 
Density, g/cc 
Tensile strength-to-weight ratio x10-? 

minus superscript 

V4 hr at 500 F 

200 hr at 500 F 
Weight loss, per cent 

200 hr at 500 F 
Water absorption, per cent 
Dielectric strength, v/m, \% in. elec- | 

trodes 

As molded 

Aged 200 hr at 500 F 
Power factor, per cent 

(As received 10° cps) 
Dielectric constant 

(As received 10° cps) 
Arc resistance, sec 

As received 





* Data from standard handbooks. 
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High-pressure | Low-pressure | Low-pressure 


(Preliminary Data) 


Low-pressure 


silicone 


45-47 ,000 
5,000 
19,500 


26-32 , 000 

8-10 , 000 
18-20 , 000 
1.65-1.80 


aio 
11.0 


0.35-1.31 
0.21 


80-100 
80-100 
0.14 
3.90 

300 


silicone 


27-32 ,000 
12-15,000 
12-15, 000 


35,000 
22-25 ,000 


20-22 000 
1.70-1.85 


300 
80-100 


Ooze 


4.13 





polyester 


55,000 
35,000 
11-25 000 


15- 


33-36 ,000 
30-33 , 000 

9,200 
1.65-1.85 





phenolic 


44-66 , 000 
41-50, 000 
9,000 


22-27 ,000 
24-29 ,000 
11-15, 000 
1.50-1.80 


Aluminum * 


Magnesium * 


50-65 , 000 
7-13, 000 
5- 9,500 

2.7 


39-42 , 000 
8,000 
6,000 

1.76-1.80 
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Improved New 


VARGLAS SILICONE\ 
Tubing and Sleeving 


harp turns and 90° bends cause no cracking or 
peeling — no loss of dielectric strength. 
As pioneers in the manufacture of silicone sleeving and 
tubing, we know this is the greatest improvement made 


\ ; 
YOU ver Silicone has been made more flexible. 
; S : i 





| | during the past ten years. Unexcelled where high tempera- 
. S\ ; ‘tures must be withstood for several hours — not just for 15 
\ / minutes. You need not sacrifice abrasion resistance and 
\ toughness to get flexibility. The new Varglas Silicone sleev- 
» ing and tubing will pass cold bend tests at 35° to 40° 
\ LOWER temperature than formerly. 
? The only Class H insulation 
“ke with all these features: 
Ja WV . 9° 
i Efficient from 500° F. to — 85° F. 


Moisture and Fungus Resistant 
Flame Resistant — Self extinguishing 













Abrasion Resistant 


Dielectrically Strong with average readings up to 7,000 
volts. 


Available in 10 colors — at no extra cost. 


Samples of Varglas Silicone products as 
well as samples of our complete line of tubing 
and sleeving are available in a convenient sample 


CORPORATION 





Makers of folder. Just drop us a line telling us your problem 
ee . and its peculiarities. 
Electrical Insulating 
Tubing and Sleeving , 


VARFLEX Sales @o., Tuc. 


309 N. Jay St., Rome, N. Y. 
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garding heat stability is the extremely 
wide variety of associated properties 
that may be specified from use to use. 
Often a single property is emphasized 
almost exclusively, at the expense of 
all others. Service life requirements 
range from a few seconds in a rocket 
to decades in certain electrical ap- 
paratus. 

To further compound the confusion, 
laminates themselves frequently react 
to heat in an apparently contradic- 
tory manner. Some silicone-glass sam- 
ples, for instance, soften appreciably 
on initial exposure to elevated tem- 
perature, only to become firm and 
hard after continued exposure. 

As a step toward establishing the 
basic facts concerning the retention of 
mechanical strength under prolonged 
exposure to high temperature, Dow 
Corning engineers have initiated ex- 
tensive laboratory studies of several 
laminating resins. Preliminary inves- 
tigations have been made on four 
leading kinds of laminates. The orig- 
inal high-pressure silicone-glass, as 
specified under NEMA Grade G-7 
(LPI-1951) and MIL-P-997B, was 
used as a standard of comparison. The 
others included a new silicone resin 
and a number of the new heat-resist- 
ant types of phenolic and polyester 
laminating resins. All of the last three 
types of resins were recently devel- 
oped under military contract for low- 
pressure fabrication and _high-tem- 
perature service. 

In the interests of uniformity, Style 
181 glass cloth was employed for all 






POWDERED METAL bearings have been 
replaced by sintered nylon bearings in 
the carbon brush holder assembly of 
one manufacturer's integral-hp motors. 
Reasons for changeover: Greater re- 
sistance to wear and consequent less 
frequent replacements. In operation, 
these bearings are subjected to an os- 
cillation action and to high-velocity 
vibration. Since nylon is self-lubricat- 
ing, only a few “break-in” drops of oil 
were needed. As shown in the accom- 
panying drawing, the nylon bushings 
fit around a steel-pin assembly. 
Series of comparative tests included 
running the brush holders against a 
circular cam having four % in.-high 
projections around the circumference. 
After 200 continuous hours of testing, 
all the metal bearings under test had 
failed. The sintered nylon bushings 
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laminates; although this is not to the 
advantage of the high-pressure sili- 
cone resin, which is usually combined 
with Style 112 or 261 glass cloth for 
electrical applications. Heat-cleaned 
cloth was used with the two silicone 
resins, and the new Garan finish for 
the organics. All samples were cut 
from %%-in. sheets which had been 
cured according to the respective resin 
manufacturers’ directions for maxi- 
mum retention of mechanical strength 
at elevated temperature. These cures 
ranged from a press cure of 15 min 
at 350 F to an aftercure of 3 hr at 
500 F in an oven for the organic 
materials. 

The high-pressure silicone resin was 
given a press cure at 350 F followed 
by a graduated cure at temperatures 
ranging from 194 F to 392 F for a 
total time of 24 hr. The low-pressure 
silicone was aftercured through 150 
hr at 482 F. 

Tests were conducted according to 
Federal Specification L-P-406b. Flex- 
ural and tensile strengths were meas- 
ured at test temperature as specified 
in the attached table. Water absorp- 
tion, dielectric strength and weight 
loss were measured at room tempera- 
ture after 200 hr exposure to 500 F. 
Are resistance, power factor, and di- 
electric constant were measured at 
room temperature after curing. 

Results of the initial study 
shown in the attached table. 


are 
For 


turther comparison, the specific grav- 
ities and average tensile strengths of 
magnesium 


common and aluminum 


Sintered Nylon Bearings for Brush Holders 


(0.272 in. ID x %s in. OD x 0.640 in. 
long) were found still in excellent con- 
dition after 500 hr of operation. This 
length of service amounted to 132 mil- 
lion actuations. 

The twin bushings in this applica- 
tion were made from a finely divided 
nylon powder designated “Nylasint” 
Molding Powder, Type 66, made by 
The Polymer Corporation and sold by 
National Polymer Products, Inc., Read- 
ing, Pa. The Nylasint powder is pro- 
duced by a chemical process that 
makes the material suitable for cold 
pressing and sintering. Ooo 


Cast brush holder showing rotating 
commutator and the nylon bushings in 
relation to the steel pin holding the 


assembly together. 
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alloys are also given, taken 
standard metals handbooks. 

While it must be remembered that 
these data are preliminary and are 
not to be taken as representative of 
commercial grade laminates, they do 
indicate several characteristics of in- 
terest to the designer. 

For instance, all of the laminates 
tested appear superior to light metals 
as lightweight structural members in 
high-temperature service. Barely com- 
parable at room temperature, the 
strength-to-weight ratio of the metals 
falls off rapidly at the elevated tem- 
perature, 


trom 


The special organic laminates show 
excellent retention of mechanical 
properties during brief exposure to 
500 F, but they tend to weaken 
steadily under continued service. The 
silicones appear to drop down rap- 
idly to a certain point, only to im- 
prove or unchanged 
then on. 

Manutacturing 
considered a matter of 
rather than an 
ultimate high-temperature 
ance. There _ is 
significant difference the 
strength retention of high-pressure 
and low-pressure samples. 

But the most significant, perhaps, 
of all the indications was the obvious 
loss of dielectric properties in all 
samples tested. Apparently maximum 
physical and dielectric properties can- 
not both be retained equally in the 
same laminate in high-temperature 


remain from 


methods may be 
convenience 
important factor in 
perform- 
apparently _ little 
between 
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THE SWITCH IS ON to Guardian Relays, Steppers, Solenoids and Con- 
tactor units to improve the performance of business machines that count 
and compute, as well as a variety of devices that sort—control time in- 
tervals—establish sequence operations—convey—package—vend—meter 
and mail. Here, Guardian’s precision design and mass production tech- 
niques gained through three wars meet again on the homefront to bring 
unparalleled quality into electrical control circuits. The Guardian No. 1 
A.C. Solenoid is appropriately the No. 1 choice of leading manufacturers 
of adding machines. The Guardian Series 595 Relay is widely used by 
manufacturers of adding machines and card computing devices. It is 
small, compact and low in cost. Available with open type construction 
(up to 4 P.D.T.) or hermetically sealed to specification. Send blue 
print for a prompt quotation and specific recommendations. 


Guierchangeable AIRCRAFT CONTROLS 


Complete interchangeability of Guardian Aircraft Relays and 





Contactor units enable design engineers to meet new control 
specifications with no changes in frame drawings. Write for 
Circulars 1R and 10C. 





Interchangeable Interchangeable 
10 Amp 4 P.D.T. 50 Amp S.P.D.T. 
' GUARDIAN (ELECTRIC 
1627-M W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN UNDUSTRY 
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service, A universal material is being 
sought, but researchers believe that 
the root of the problem lies in the 
inherent chemical and mechanical 
structure of the laminate itself. 
When maximum dielectric proper- 
ties are desired from these resins, im- 
mediate mechanical strength in high- 
temperature service must be sacrificed. 
Curing schedules are held to a 
minimum. The laminate will not 
have the optimum high-temperature 
strength, but its dielectric properties 
will be retained until the resin has 
aged sufficiently at high temperature 
to extend the cure. In many applica- 
tions where the silicones are utilized 


for their electrical properties and not 
their temperature stability, such aging 
would require centuries. 

A better way to retan maximum di- 
electric properties is to develop a 
material specifically designed for the 
purpose. Actually, this has already 
been done. A new high-pressure sili- 
cone laminating resin has been de- 
veloped which has over 100 times the 
dielectric life at 500 F of the high- 
pressure silicone resin described in 
this report. However, it retains only 
half the flexural strength of the earlier 
material on initial exposure to 500 F. 
Although this new resin will poly- 
merize in high-temperature service, its 


continued cure progresses so slowly 
that an electrical life greater than 100 
years can be predicted at 400 F and 
more than 8000 hr continuous elec- 
trical life is obtained at 500 F. 


Dow Corning engineers expect to 
continue heat aging observations on 
these and other materials. Preliminary 
studies have already madeit clear, 
however, that “Maximum Operating 
Temperature” is only one dimension 
as far as the basic thermal stability 
of any high temperature laminate is 
concerned, and merely a preliminary 
indication of its performance in an 
actual application. OOQd 


Packaged Interlocking Drive Control 


FEATURING an adjustable relay, the® 


Over-Load Controller is a packaged 
interlocking unit which makes it pos- 


Contactor for 
‘ grinder motor 
¥ 


sible to tie-in the operation of auxi- 
liary equipment or feeders with the 
drive of the main machine. Shown 


Contactor for . 
conveyor motor ‘y 


Over-Load 


Controller 


Monua!l 
control 


Schematic diagram of interlocking device which shuts down conveyor 
when grinder is overloaded or if grinder starter is de-energized. 


As NEEDS MULTIPLIED for aircraft 
speed indicators new models, special 
scales and scale markings, special 
receptacles and cases were added to 
the line of General Electric instru- 
ments until there were more than 200 
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Standardization Simplifies Line of Instruments 


varieties. Through a standardization 
program coordinated with Air Force 
and Navy specifications the entire line 
has been reduced to 11 indicators in 
two sizes, and two generators. 

Three types of presentation are in- 





herewith is a schematic circuit di- 
agram for the unit, which is manu- 
factured by Ralph C. Gardner, Fort 
Wayne §, Ind. 

It is often desirable to have an 
auxiliary unit, such as a conveyor, 
shut down should the drive motor 
of a major piece of equipment — a 
grinder, for example — become over- 
loaded. For this purpose, the normally 
closed relay at A on the diagram is 
provided. The operating coil of this 
relay is in series with one leg of the 
3-phase supply to the main grinder 
motor. The contacts are in the coil 
circuit of the magnetic starter for the 
conveyor. Normally closed relay A is 
adjustable and is usually set to open 
at currents from 0 to 5 per cent above 
normal. When the overload is cleared, 
the contacts will close again and the 
conveyor motor is re-started. 

The coil of the normally open relay 
at B is across two lines of the grinder 
motor supply. Thus, the conveyor 
motor cannot be started unless the 
control for the main motor is ener- 
gized. When the grinder is shut down, 
the conveyor stops also. 

The components are housed in a 
cast aluminum enclosure which _ is 
drilled for entrance of cable size up 
to 500,000 CM. _ Exterior mounting 
lugs are provided for installing the 
unit in the required vertical position. 





cluded: a single pointer with 330 deg 
rotation; a dual pointer 3% rev type. 
Fig. 1, where the second pointer 
counts revolutions of the first, and a 
single pointer type with a scale cali- 
brated 0-100 per cent. 
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dependability through extra value 
features...in Adlake Mercury Relays 


a ama 
Dependability is the sum of many things... = : 


and ADLAKE’s dependability is built on a com- 
bination of plus features like these: 








Positive leak-proof sealing—assured by the 
use of properly selected metals and glass com- 
ponents with properly matched thermal ex- 
pansion characteristics. 





Arc-resisting ceramics—ceramics with great 
temperature-resistance are used to reduce any 
destructive effect caused by the arc. 









Liquid mercury-to-mercury contacts — com- 
pletely eliminate failures caused by low con- 
tact pressure, contact burning, pitting and 
sticking . . . and the inherent high surface 
tension of mercury imparts an ideal snap 
action to contacts. 













Type 5000 ADLAKE 
Sensitive Relay Contact Normally Open or Closed 
What's more, every ADLAKE Relay is abso- 


lutely safe . . . silent and chatterless . . . and 
requires no maintenance whatsoever. Get the a a > c 
complete story today . . . write for your free Cake) Py, * 
copy of the ADLAKE Relay Catalog. The ie es G6, ea 
Adams & Westlake Company, 1168 N. Michi- eer Y 
gan, Elkhart, Indiana; in Canada, write hos 
Powerlite Devices, Ltd., of Toronto. 
THE 
COMPANY 


Established 1857 « ELKHART, INDIANA « New York * Chicago 
Manufacturers of ADLAKE Hermetically Sealed Mercury Relays 
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‘ig. 1—New line of General Electric aircraft speed indi- 
eators (right) has standardized on the 3 in. size with a 
hermetic helium-filled case, giving greater resistance to 
corrosion and fogging than the former model, left. 





All receptacles are standardized 
and all scales are marked with the 
pale yellow fluorescent paint called 
for by specification ANLIA. Both gen- 
erators, Fig. 2, are flange mounted 
and built to military specifications. 

The line of position indicators has 
also been simplified, reducing the 
number of models by more than half. 
Reflecting the trend toward smaller 
instruments, most of the production 
now is in the 2 in. or 1% in. dial size, 
Fig. 3, yielding a saving in panel 


IN AN ATTEMPT to cut the weight of 
integral - horsepower servo systems, 
the Naval Research Laboratory has 
investigated the substitution of three- 
phase power in place of d-c and two- 
phase systems. The study indicates 
that such systems can be designed to 
effect a weight reduction of more 
than 25 per cent. In the NRL system, 
magnetic voltage and power amplifiers 
were used to control a 5-hp induction 



























VELOCITY 
FEEDBACK 








FEEDBACK 


Fig. 2—Standardized generator, right, 
is 25 per cent lighter than the former 
model, left. Length is reduced and ball 
bearings are replaced with sleeve type. 


space with no sacrifice in accuracy or 
performance. 

Standardizing on hermetic sealing 
and helium filling for nearly all of the 
line made possible a reduction in 
price of up to 20 per cent. Deliveries 
were also improved as well as better 
service On parts and repairs. Hermetic 


Three-Phase Servo Uses Squirrel Cage Motor 


motor with a_ high-resistance rotor. 
Additional weight savings are pre- 
dicted by the NRL engineers if the 
servo is designed for 400-cps opera- 
tion. 

The supply voltage aboard ship is 
normally three-phase. The d-c or two- 
phase servos commonly used at pres- 
ent require converters or transformers, 
with their accompanying losses. The 
adoption of three-phase servos, then, 


-— . . — - ns 
t~, * t~ 4 tim # IINTERME DIATE ATURABLE | 5-Hp [OUTPUT 
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Fig. 3—New position indicator, right, is built in a 2 in, 
ease, hermetically sealed and magnetically shielded; it jis 
15 per cent lighter than the former model, left. 





sealing prevents corrosion and reduces 
friction. Helium filling effectively pre- 
vents fogging. O 





makes possible weight savings through 
elimination of such 
transformation equipment. The non- 
linear operating characteristics of 
three-phase motors, however, present 
some unique problems in the design 
of a useful servo system. 

The primary requirement of a 
servo motor is that changes in output 
speed and torque be smoothly and 
continuously variable over the entire 
bi-directional speed range. In addi- 
tion, maximum motor torque must 
occur at zero speed. A survey of 
standard three-phase motors indicated 
that a squirrel-cage induction motor 
with a high-resistance rotor would 
satisfy these requirements. An ex- 
perimental 5-hp motor was provided 
for the investigation. 

Of the two basic methods for con- 
trolling a three-phase motor, fre- 
quency control was discarded since 
it will not permit creep-speed opera- 
tion. Series-inductance saturable re- 
actors were chosen as the means for 
obtaining voltage control. Thyratrons, 
variable autotransformers and_ series 


conversion or 
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Tubular SPEED CLIPS’ Reduce Assembly Costs 


Tinnerman Tubular Type 
SPEED CLIPS 


... Increase Production... improve Quality 


Hundreds of manufacturers—dozens of industries— 
save thousands of dollars with Tinnerman Tubular 
Sas type SPEED Cuips. These high quality spring steel 
fasteners snap into place by hand, are self-retained 


... heat treated spring steel 
fasteners available in a 
wide range of sizes with rust 
resistant finishes. Design 
variations include perma- 
nent-lock orremovable-lock 
types. Integrally molded 


in stud-receiving position. Applicable in punched or molded holes, 
equally effective on metal or plastic studs, ideally suited to 
“blind” attachments where only one side is accessible . . . just 
a few of the reasons these unique fasteners reduce production 
costs and materials handling. 


studs provide extra savings 
through reduced parts and 
parts handling. 


Write direct for SPEED NUT 
“Savings Stories”, and your 
copy of Tubular Type SPEED 
CLIP Bul. #330. TINNERMAN 
PRODUCTS, INC., Box 6688, 
Dept. 12, Cleveland 1, Ohio. 
In Canada: Dominion Fasteners, Ltd.. 
Hamilton, Ont. In Great Britain: Simmonds 
Aerocessories, Ltd., Treforest, Wales. In 
France: Aerocessoires Simmonds, S.A.— 
7 rue Henri Barbusse, Levallois (Seine). 


—— Sheed Nes ¥ 5 


MORE THAN 8000 SHAPES AND SIZES 


Tubular type SPEED CLips have proven themselves in the elec- 
tronics field. Production savings exceeding 50 percent and 
substantial increases in output have been achieved through 
their use. A wide variety of types and sizes are available to fill 
most fastening needs. 


Your Tinnerman representative has complete information that 
may lead to improved fastening methods for you—see him soon. 
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carbon-pile resistors were also con- 
sidered as voltage control methods but 
each of these demonstrated certain 
limitations when compared with the 
saturable reactor control. 

As the accompanying block diagram 
shows, the motor is controlled by 
saturable reactors in series with the 
three-phase line. These reactors, in 
turn, are controlled by an intermedi- 
ate amplifier stage consisting of a two- 
channel self-saturated magnetic am- 
plifier. The intermediate amplifier, 
again, is controlled by a magnetic 
preamplifier. The damping signal add- 
ed to the error channel is supplied by 
an induction generator geared to the 
output shaft and the acceleration sig- 
nal is provided by the differentiated 
output of a permanent-magnet genera- 
tor. Several secondary loops are used 
for compensation and stabilization. 

The total weight of this three-phase 
5-hp servo, without the motor, is ap- 
proximately 600 Ib. The weight of a 
d-c servo in the same power rating is 
approximately 1000 Ib, exclusive of 
the motor. 

Essentially the same components 
were utilized in a speed control sys- 
tem for the three-phase motor. The 
speed control, however, was designed 
to provide a unidirectional output 
with reversal possibile only when the 
system is de-energized. This charac- 
teristic simplified the circuit in that 
it permitted the elimination of two 
of the series saturable ‘reactors and 
one channel of the intermediate am- 
plifier. O000 


**Samica’’ Mica Paper— 
A Clarification 


In TaBLE I of the article “New Non- 
rigid Materials for the Functional De- 
sign of Electrical Insulating Systems,” 
page 123, September ELectricau 
MANUFACTURING, the reference to 
the Mica Insulator Company’s use of 
Samica mica paper was not entirely 
clear. 

The basic Samica mica paper (orig- 
inally developed in France) is now 
also manufactured in this country by 
the Samica Corp., which is a domestic 
corporation organized by Prosilis, 
S. A., Paris, France; the Swiss In- 
sulating Works, Breitenbach, Switzer- 
land; and the Mica Insulator Com- 
pany, Schenectady, N. Y. 

The Mica Insulator Company itself 
does not produce mica paper but is 
engaged in fabricating various types 
of finished mica-paper insulation 


under the trade name of “Isomica,” 
it). 3 


utilizing Samica materials. 
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Corrected curve showing actual relationship between alnico V and the 
new ceramic permanent magnet material, Index 1 and Magnadur i 









Alnico V and Ceramic Magnets 


C. A. Maynard, Vice President 
Research and Engineering 
The Indiana Steel Products Company 


AN ARTICLE, “Non-Metallic Permanent 
Magnets,” appearing in the Septem- 
ber issue starting on page 170, gives 
data on a new ceramic permanent 
magnet material made from a mixture 
of barium and iron oxide, called Mag- 
nadur 1. There is a serious error in 
the chart comparing alnico V_ with 
this material, which should be cor- 
rected. 

The chart on the second page of 
the article shows the demagnetizing 
and energy product curves for the 
two materials in which the data for 
the alnico V are too low by one deci- 
mal place, indicating that it has a 
lower energy product than the non- 
metallic material. The actual relation 
between the two materials is as 
shown in the accompanying chart. 
The curves for Magnadur | as origin- 
ally published are correct, but the 
scale values for the alnico V were 
1/10th the correct values. 

The statement in the second para- 
graph of the article that the energy 
product is nearly twice that of alnico 
V is likewise in error. The original 
chart correctly showed energy product 
for the ceramic material as 0.85 x 
10°, but the accompanying table gave 
the value erroneously as 8.5 x 108. 
Actually , alnico V has an _ energy 
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product nearly six times that of the 
ceramic permanent magnet material. 
These corrections should not be con- 
strued as belittling the ceramic mate- 
rial in any way. We have every 
reason to believe that it will find a 
place in the field of permanent mag- 
net applications, and we have backed 
this feeling with a substantial invest- 
ment in building and equipment for 
its production under the same Philip's 
patents. (Our name for it is Indox 1.) 
But those not familiar with perma- 
nent magnet materials might be led 
astray if this error is not corrected. 


[EDITOR’S NOTE. The regret- 
table error in the plotted data for 
alnico V discussed by Mr. Maynard, 
and called to our attention by several 
other readers, was the sole responsi- 
bility of the editors, and not that of 
the supplier, Ferroxcube Corporation 
of America. Data supplied by Ferrox- 
cube on the new ceramic material 
were correctly shown to the B scale 
of gauss x 10°. Alnico data in kilo- 
gauss were inadvertently plotted to 
the same scale, resulting in an error 
of one decimal point. We are glad 
to publish the corrected curve sup- 
plied by Mr. Maynard and at the 
same time acknowledge with thanks 
the letters from other readers calling 
attention to this error and the typo- 
graphical one in the table.] 
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The greatly increased protection 





made possible by the development 
of our high-temperature gray enamel 
is the most important improvement of 
these resistors, but it is not all. True, 
this enamel is thermo-shock-proof 


and crazeless; but in addition 


THESE RESISTORS OFFER... 


e Stronger core with higher resistance to vibration 
and shock. 


¢ Finer resistance wire—made to H-H specifica- 
tions, especially adapted to these resistors. More 
uniformly wound, so that failures under stress are 
eliminated. 


HARDWICK, HINDLE, INC. 





i 

Rheostats and Resistors ; 

Subsidiary of « 

THE NATIONAL LOCK WASHER COMPANY : 
Established 1886 

3 

i 

Newark 5, N. J. U.S. A. a 

§ 

the mark of quality : 

i 

- 


for more than a quarter of a century 


NOVEMBER 1953 


¢ Special alloy terminals more securely fastened 
to the ceramic body by spot-welding—highly resist- 
ant to corrosion. 


e All wire connections are protected by a positive 
non-corrosive bonding. 
The fixed, the ferrule and the flat types are espe- 


cially designed for and manufacturd in accordance 
with JAN-R-26A specifications. 


Hardwick, Hindle, Inc. 
40 Hermon St., Newark 5, N. J. 


Please send additional information about your new resistors 
and rheostats. 


Name. 
Tg 
Company 


PN sc cashcicin aca atari rape egal eae 
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NEW COMPONENTS 


AND MATERIALS 


For further information on any item reviewed 


in this section, circle item number on postcard in 


Reader Inquiry Facility, or write direct to the 


manufacturer giving ELECTRICAL MANUFACTURING 
as the source for your inquiry. 


MOTOR LINE CONFORMS TO NEW NEMA FRAME DIMENSIONS 


Built to the last NEMA frame dimen- 
sions for “future design,” a new line 
of polyphase a-c motors, called the 
Tri-Clad “55” offer better protection, 
more efficiency and quieter operation 
than their predecessors. The new mo- 
tors will run within NEMA tempera- 
ture rise limits, but there is an aver- 
age size reduction of 50 per cent by 
volume and 22 per cent less weight 
per horsepower. The new series in- 
corporates a new insulation system, 
bearing assembly and ventilation plan. 

Keystone of the insulation system 
is a new polyester film which is said 
to be eight times as strong as pre- 
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viously used materials. It is used to 
insulate the phases and slot tubes 
in the stator. This synthetic material, 
combined with Formex wire, an im- 
proved Glyptal varnish, and a silicone 
Dri-film dip, has withstood accele- 
rated life tests and salt-spray tests 
better than any other system tried. 
By using a pre-wound stator core 
with the laminations inert-arc welded, 
it became possible to treat the stators 
with these insulations automatically. 

Frame and end shields are made 
of cast iron. Virgin aluminum rotor 
conductors are cast integral by a 
vacuum-pressure process, resulting in 


greater conductivity and _ physical 
strength. Every rotor is dynamically 
balanced. 

The new ball bearing assembly is 
more tightly sealed and has more 
space for grease storage to permit 
oil migration over a longer period of 
time. A new synthetic grease is spe- 
cified that is said to last five times 
as long as previously used lubricants. 

A double-end ventilation system 
uniformly cools the motor by drawing 
air in from beneath both end shields, 
directing it by baflles over the end 
coils and out louvers on the sides of 
the frame. Larger integrally-cast rotor 
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WHY THEY CHOSE 
CHICAGO MOLDED ACRYLICS 


Eye appeal is buy appeal. That’s one good reason why molded methyl 

methacrylate makes the best container for fruit juice dispensers. This 

sparkling material is even clearer than glass . . . lets folks see exactly 
i i what they’re getting . . . all the tempting, refreshing goodness of real 
This is the handsome Oasis Juice Dispenser fruit juice. 


made by Ebco Manufacturing Compan . . ° 
of ela Ohio. The aaa aie One of the important reasons for the unusual quality of this Ebco 


juice container, 12%6” x 13'Y%e” x 9” Dispenser Container is the fact that the finished piece is remarkably 

high, is molded of methyl methacrylate free from strain and internal stresses. This, of course, is essential for 

by Chicago Molded Products Corporation. maximum clarity and durability and it is accomplished by Chicago 
Molded without costly annealing. 


Methyl methacrylate has many other advantages, too. It is not 


affected by fruit juices. And its smooth surfaces make it easy to clean. 
Molded in one piece, there are no seams or corners to catch and hold 


dangerous germs. Hence it’s ultra sanitary. 


Plenty of molders will tell you that methyl methacrylate is difficult 
to mold in large units. And it is difficult by conventional methods... 


but here at Chicago Molded we have developed special techniques, 
PRODUCTS skills and equipment that make the job comparatively simple ... and 


consistently successful. 
CORPORATION aoe 
mi Bit athiniia nies , This is just another example of Chicago Molded leadership . . . the 
eee ability to mold all plastics materials . . . in any quantity .. . to tackle 
go 51, Illinois ‘ . ; ° 
even the difficult assignments and come up with the right answer. 
CUSTOM MOLDERS OF ALt We’ve been doing just that for more than 34 years. 


a You'll find it a good idea to talk to a Chicago Molded engineer 
next time you’re considering a molded plastic part. He can be mighty 
helpful . . . and there’s no obligation. Just write, wire or phone. You’ll 


Member, Committee on Large Plastics Moldings, SPI get prompt attention. 
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from any angle 


SIZE 
+I ett aes 


PERFECTION 
OF SURFACE 


AND 
ACCURACY 


UNIFORMITY 


DEPENDABLE 
PHYSICAL QUALITY 





STROM 
“a yous 


BEST BALL BUY 


If you have a metal ball 
problem, why not let Strom 
solve it for you. Whether for 


precision ball bearings or 
for one of many other ball 


applications ... Strom will 


supply the right ball to meet 
your requirements. For 
more than a quarter century, 
industry has looked to 


Strom for metal balls of 
unsurpassed quality. 





fans increase the cooling air flow 
through the motor and dissipate rotor 
heat more effectively. Protection has 
been increased by 60 per cent on the 
drip-proof enclosure through new end 
shield and frame design. In the de- 
velopment of the motor a way was 
found to reduce over-all sound levels 
and alter the motor sound to a fre- 
quency more pleasing to the human 
ear. Use of closed rotor slots reduces 
the siren effect. The noise level of the 
new 10-hp motor tests as low as the 
former 2-hp model. 

The totally enclosed fan-cooled mo- 
tor also has been redesigned. Elec- 
trical parts are completely enclosed 
by tightly sealed cast-iron frame and 
endshields, a compression-fit lead 
seal, and a rotating labyrinth seal on 
the shaft. A new “jet” ventilation 
system blankets the frame with cool- 
ing air. Plastic fan, stainless steel 
nameplate, and other exposed parts 
are corrosion-resistant. A special seal- 
ant has been introduced on the rabbet 
between endshields and stator, and a 
close rotating seal on the motor shaft 
prevents foreign matter from entering 
the motor’s lubrication system. To 
seal the lead entrance to the stator, 
a pressure sealed rubber grommet is 
used, and a gasket separates the two 








halves of the larger diagonal split 
conduit box. Leads are non-wicking 
and are permanently numbered to 
facilitate maintenance. Frames are 
cast iron painted with a baked plas- 
tics-base enamel. 

Starting currents, maximum torques 
and starting torques remain un- 
changed but full-load speeds have 
been improved on the two-pole and 
four-pole motors. The ability to with- 
stand stalled conditions at full voltage 
will remain substantially as in present 
motors; heat-storage capacity, how- 
ever, will be less because of the smal- 
ler mass per horsepower. Efficiency is 
high and there is little change in 
power factors. After the first of the 
vear, the new motors will be avail- 
able in the 182 and 184 frame sizes 
(1, 142, and 2 hp at 1800 rpm) in 
horizontal drip-proof and totally en- 
closed fan-cooled models, and a com- 
plete line of gearmotors. Larger frame 
sizes will become available at regular 
intervals. Other types planned for 
production during 1954 include: 
vertical, single-phase, wound-rotor, 
explosion-proof, multi-speed,  race- 
mounted, and flange-mounted models. 
General Electric Co., Schenectady 5, 
New York. 

ir No. 1, f er ry ity, page 


IMPROVED ROLLER BEARING DESIGN 


Increased anti-friction bearing capa- 
city of from 25 to 50 per cent, and 
service life 2 to 3% times longer than 
formerly possible, is now obtained 
with an improved design of self- 
aligning spherical roller bearings. This 
substantial performance improvement 
has been accomplished without any 
change in size or weight, according 
to the manufacturer. The inner race 
is a new design without integral 
flanges and undercuts needed to finish 
the flange faces. Bearing capacity is 
increased because longer rollers are 
used, with more effective contact be- 
tween rollers and rings provided by 
the absence of the undercuts at each 
shoulder. In the new design a sepa- 
rate guide ring between the two rows 
of rollers allows them to take the 
endwise position which their contact 
with the rings dictates. Load distribu- 
tion is uniform at all times, and 
greatly increased capacity and _ life 
result. 

Each row of rollers is held in a 
window-type cage made of high- 
tensile-strength, cold rolled _ brass. 
Mechanically, the cage is very strong 
and very well supported. Even when 
used in applications where stresses 
upon the cage are most severe, such 
as the eccentric locations in shaker 





screens, trouble-free operation results. 
Each cage centers on two large areas, 
one directly on the inner ring—outside 
of the rollers—and the other on the 
outer diameter of the lateral guide 
ring. 

Equipment designers will effect 
economies with the new roller bearing 
as the desired life can be obtained, 
using bearings of the same size, but 
under more severe loading conditions, 
and getting steadier operation per- 
formance. Where combined loads are 
present, the improved spherical bear- 
ing is capable of carrying heavier 
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GENERAL PURPOSE PRESSES 


For anything including production runs — 
in plastics molding, laminating, metal form- 
ing, bending, straightening, light hobbing 
and forcing — these W-S General Purpose 
Presses can't be beat. Their controls and 
precision workmanship make them ideal 
laboratory and production equipment of 
wide application. 


If you're taking a licking on short-runs with 
single-purpose machines, re-appraise your 
overall operation in terms of these presses- 
_of-all-work. Economical, easy to set-up and 
maintain ... they add up to more profits 
and uniform production. Capacities: 30, 50, 
100, 200 tons. 


AVAILABLE FROM STOCK 
FOR IMMEDIATE DELIVERY 


Write today for Bulletin Sheet 370-D @) 


ESTABLISHED 1848 


THE WATSON-STILLMAN COMPANY | 
DIVISION OF H. K. PORTER COMPANY, INC. 
190 ALDENE RD., ROSELLE, NEW JERSEY 9-0-66 


W-S “Completeline” Hydraulics ... The Shortest Distance From Production to Profits 
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MTA LAO 


electrical 
parts? 





reach for your Product Design File 





“...@ great time-saver” 


These manufacturers’ catalogs are 
instantly available in Section 2 
of your Product Design File: 


A-P Controls Co. 
Allen-Bradley Co. 
Allis-Chalmers Co. 
American Phenolic Corp. 
Barber-Colman Co. 
Barksdale Valves 
Cannon Electric Co. 
Century Electric Co. 
Eagle Signal Corp. 
Electric Specialty Co. 
Electro-Snap Switch 
& Mfg. Co. 

Elliott Company 
(Crocker-Wheeler Div.) 

Emerson Electric Mfg. Co. 

Fairchild Industries, 
Division Fairchild 
Camera & Instr. Corp. 

Federal Telephone 
& Radio Co. 

General Electric Co. 
Apparatus Mktg, Div. 
Const. Materials Div. 
Lamp Division 
Wiring Devices Dept. 


General Radio Co. 
Heinze Electric Co. 
Howell Electric Motors Co. 
Jefferson Electric Co. 
Joy Mfg. Co. 
Kato Engineering Co. 
Master Appliance Mfg. Co. 
Master Electric Co. 
Mercoid Corp. 
Mutual Industries 
National Electrical 

Mfrs. Assn. 
Ohmite Mfg. Co. 
Radio Receptor Co. 
Redmond Co., Inc. 
Telechron Dept., 

General Electric Co. 
Trombetta Solenoid Corp. 
Wagner Electric Corp. 
Ward Leonard Electric Co. 
Westinghouse Air 

Brake Co. 
Westinghouse 

Electric Corp. 





In other sections of the File you will 
find additional catalogs containing 
useful information on product forms, 
characteristics, performance and use. 


Sweet’s Catalog Service 


Division of 

F. W. Dodge Corporation 
119 West 40th Street, 
New York 18, N. Y. 
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combinations of radial and thrust 
loads, or pure thrust loads of greater 
magnitude. 

The original rolling | self-aligning 


feature has been preserved, so that 
considerable misalignment between 
the shaft and housing has no ill effect 
whatever on bearing capacity or life. 
The improved spherical roller bear- 
ing, designated as the “C” type, is 
available in series 222 and 223. SKF 
Industries, Inc., Front St. & Erie Ave.. 
Philadelphia 32. 
No. 2, R er quiry f ity 


RIBWOUND RESISTORS 


Ribwound resistors up to and includ- 
ing 2000 watts are wound with a 
specially designed resistance wire on 
high temperature refractory cores. 
They are useful where high wattage 
and low resistance are required. Con- 
struction features 


include _ silver- 









™ 


wire 
intended 


between 
which are 
to provide absolute protection against 


connections 
terminals, 


soldered 
and 


resistance failure. Coating is high 
grade enamel fired at extreme tem- 
peratures to assure freedom from 
moisture and complete heat dissipa- 
tion. 


Wattage Core sizes Max. OD (in.) 
75 34x3 1 
90 46x >46x4 1% 

100 34x 14x3% 1 
160 34x 16x64 1 
220 1lyx34x6 134 
300 1 ¢x34x84% 13% 
375 114x34x1014 134 
100 114x34x1ly 13¢ 
500 1yx34xl4 136 
1500 214x134x20 2% 
2000 3144x244x20 31% 


The resistors can be furnished with 
fixed, adjustable, or with multi-taps. 
Chart lists the most common core 
sizes and other data. Various mount- 


ELECTRICAL 


ing means are available. Milwaukee 


Resistor Co., 706 W. Virginia St., 
Milwaukee 4, Wis. 

No. 3, Reader Inquiry Facility, page 26) 
SIGNALLING TIMER 


Timer for automatic time control of 
operating loads up to 12 amp, 110 
volts a-c or d-c is equipped with 


built-in miniature pilot light and 
plug-in receptacle for additional 
signalling circuits. Model will pro- 


vide on-the-spot and, when neces- 
sary, remote, audible and visual sig- 
nals indicating expiration of timing 
interval or completion of the operat- 
ing period for which the timer has 
been preset. The self-winding, spring 
powered timing unit, pilot light and 
signalling assembly, is installed in a 
7% x 5% x 3% in. housing with lugs 
for surface mounting. Two sets of 
leads are brought through a %s in. 
nipple on the side of the housing. 
One set is for single-pole load con- 
nection to close machine or appliance 
operating circuit through the 12 amp 
110 volt main switch, for a_ pre- 
determined interval. The other leads, 
a two wire line, feeds the 
pilot light and signal extension re- 
ceptacle when the signal circuit is 
closed at expiration of the operating 
interval, with a 6-amp hand switch 
controlling this circuit. 

After the desired type signal and 


service 





wire connections have been made, the 
timer is operated by turning pointer 
to the interval required. This closes 
the main switch circuit and_ starts 
timer mechanism to operate motor or 
other machine load for the set time 
period. When time has expired, the 
load circuit opens and the signal 
circuit closes to light the pilot lamp 
and sound bell, buzzer, horn — or 
whatever desirable signal has been 
connected to the supplementary sig- 
nal terminal to call attention to the 
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mitchell-rand 


features electrical 
insulating tapes 













4 BI-SEAL INSULATION rae ee — Properties 
" H ac es e to: 

TTT aT: $x, tl CHARACTERISTICS Ozone oii hcg epee Excellent 
ij « ae PE sv evcciisxconsiens sakensnbetapaumoouaeaerees xcelien' 
Polyethylene, — : Electrical Properties Acids rpc aletiecciowsiincete ceed Excellent 
for resistance = “ Dielectric strength......1000 volts/mil avg. Alkabi@s ooo... ccceccscccsseccssessseansavenen Excellent 
: 2 , Power factor .............. 60 cycles...0.0006 Moisture vapor transmission ......Negligible 
to corrosion 1000 cycles....0.0006 Castor Oi) ooo... ccceccsescecseeceensesecer Good 
— ‘ : 106 cycles ..0.0004 Commercial Hydraulic Fluids ...... Excellent 
and chemicals. Dielectric constant... 60 cycles... 2.32 Aging qualities 0.000000. 0.cccc.c0. Excellent 


1000 cycles.... 2.34 Operating temperatures.....197°F to —67°F 
106 cycles... 2:13 Application temperatures....150°F to —40°F 


self-affixing 
Neoprene, 

fo) Mee Stila) 
Tommy IE) 


and chemicals. 
BI-PRENE INSULATION CHARACTERISTICS 


Physical Tests on Press Air Bomb at 26°F for 30 Days at 80 p.s.i. 
Cured Slabs 10°/310°F _ 160% of original elongation 
UNAFFECTED BY LOW TEMPERATURES e@ SUPERIOR TI ooo hose sneocincicinstnrcaie eres 1980 p.s.i. 66% of original Tensile 
AML RSL Ba aL ee ee ie ae et ASTM. Reference ‘fluid number one — 
EXCELLENT CONFORMABILITY e SELF-BONDING e 6 hours to cut 11.7% maximum swell in 24 hrs. A.S.T.M. 
MOISTURE-RESISTANT e HI-DIELECTRIC STRENGTH Physical Properties on Aging Reference fluid number two—69.7% maxi- 
80°C Oxygen Bomb for 14 days mum swell in 24 hrs. 18 hr. exposure in 
67.4% of orignial elongation oll at 121°C — Tensile decreased 4.5%. 
62.6% of original Tensile Elongation increased 70%. 


Here are two multi-purpose electrical insulating tapes for The outstanding characteristics and excellent insulation 
wire or cable splicing . . . the self-bonding BI-SEAL and properties, plus the feature that once applied BI-SEAL 
the self-affixing (air-curing) BI-PRENE...to meet the and BI-PRENE tapes fuse into a solid mass, impossible 


strictest requirements for unusual as well as ordinary cable to unwrap or delaminate, enables these products to offer 
splice applications for the smallest wire or the largest cable complete and lasting protection against moisture, acids, alka- 
... wherever tape can be used for splicing. lies, oils, chemicals, sunlight, corrosion, fungus, ozone, etc. 
L L - e & 

at R Write for samples and detailed data 





Electrical 

Insulation 

Headquarters 

® 51 MURRAY ST. e COrtlandt 7-9264 « NEW YORK 7, N.Y. 
Ce 1 

MIRAGLAS VARNISHED TAPES, CLOTHS AND SLEEVINGS « MIRAGLAS TAPES, BRAIDED SLEEVINGS AND TYING CORDS + MIRAGLAS SILICONE TREATED CLOTHS, TAPES AND 

TUBINGS » MICA TAPES, CLOTHS AND MICA-FIBERGLAS COMBINATIONS « FIBRE, PHENOL FIBRE AND MIRALITE POLYESTER RESIN SHEET INSULATING PAPERS—DURO, FISH, 

PRESSBOARD, ETC. « VARNISHED CAMBRIC TAPES, CLOTH AND SLOT INSULATIONS + COTTON TAPES AND SLEEVINGS + TWINES AND TIE TAPES + ASBESTOS TAPES, 

SLEEVINGS AND CLOTH, TRANSITE AND ASBESTOS EBONY *« ARMATURE WEDGES AND BANDING WIRE + VARNISHED TUBINGS, HYGRADE, MIRAGLAS, HYGRADE VF, MIRAGLAS 


SILICONE * THERMOFLEX AND FLEXITE EXTRUDED PLASTIC TUBING « PERMACEL MASKING TAPES AND ELECTRICAL TAPES « BI-SEAL, BI-PRENE; FRICTION TAPES AND 
RUBBER SPLICE « COMPOUNDS—TRANSFORMER, CABLE FILLING, POTHEAD, ETC. *« INSULATING VARNISHES OF ALL TYPES. 
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CONTACTS & BRUSHES 
OF SILVER-GRAPHITE 


. . . for minimum, more stable 
contact resistance ... 
radio noise 


less 
interference ... 






greater reliability 


. 

hi servo mechanisms to radar antenna operating 
units, calculating machines, midget motors and dozens of 
other exacting applications, sliding contacts or brushes of 
Stackpole silver-graphite assure maximum contact effi- 
ciency and life at minimum cost. Lowest radio noise levels 
short of using costly noble metals are obtained by using 
these silver-graphite units against a silver ring. For ordi- 
nary uses, a copper ring or commutator will suffice. 


Available in sizes from 1" diameter upward, they can 
be supplied with silver-soldered backs for easy spot weld- 
ing or brazing directly to supporting springs or arms and 
with or without shunts. Contacting assemblies are thus 
greatly simplified. Units are supplied either separate or 
mounted to specifications. They are made of silver with 


o © 
© almost any desired percentage of graphite. Standard 


des range from 0% to 50% graphite. 
Cy) gra & 
Gey 
te STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


Stackpole contact material types include: SILVER-GRAPHITE © SILVER-LEAD OXIDE 
SILVER-NICKEL * SILVER-MOLYBDENUM © SILVER-TUNGSTEN * COPPER-GRAPHITE 
SILVER-COPPER-GRAPHITE * GOLD-GRAPHITE * SILVER-IRON OXIDE 


and many special grades. 
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completion of the cycle; the hand 
pushbutton switch is then pressed to 
shut off the signal. When prepara- 
tions for the next operating cycle are 
completed, the timer is set for the 
required interval, the signal circuit 
switch button is again pressed, and a 
new cycle begins. Timer is available 
in 2 models: No. 8033D (30 min) 
and Model No. 8066D (60 min), 
Walser Automatic Timer Corp., 420 
Lexington Ave., New York 17. 

Circle No. 4, Reader Inquiry Facility, page 261 


PHOTO TRANSISTOR 


Type X-25 germanium n-p-n junction 
photosenstitive transistor has sufficient 
power output to operate a relay. Ap- 
plications include use in automatic 
punch card accounting machines and 
other uses. Maximum operating is 60 
milliwatts and maximum non-destruc- 
tive power 400 milliwatts. The X-25 
may be considered as a light-sensitive 
device with an incorporated amplifier. 
It is housed in a heat- and moisture- 
resistant rectangular plastics case ap- 
proximately 17/32 x 5/16 x 3/16, 
with two pins 0.093-in. 


having a 
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| 
AVERAGE ESTIMATED CHARACTERISTICS 


FOR EXPERIMENTAL £-25 PHOTOTRANSISTOR 
MAXIMUM OPERATING POWER 60 MILLIWATTS 
| MAXIMUM NONDESTRUCTIVE POWER 400 MLLIWATTS | 
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W.L. Maxson Corporation, 


Hows what 


4 EXPERTS 


soy about 


MERCASTINGS* 


by ALLOY PRECISION 


Design of electronic plumbing parts for economical pro- 
duction poses unusual difficulties. This wave guide, for 
example, if made by traditional methods, would consist 
of a fabricated unit of over 25 parts. [ts assembly would 
involve machining to extreme tolerances . . . costly pre- 
cision jigging . . . brazing . . . silver soldering . . . all by 
skilled craftsmen not available on today’s labor market. 


Seeking an improved production technique, The W. L. 
Maxson Corporation engineers decided mercasting -— by 
Alloy Precision—was the only practical solution. Now this 
part is cast as a single unit in 356-T6—to a tolerance of 
+ .003 inch/inch. Result is that production is up...costs 
and rejects are down. 


This is just one instance of the trend toward mercast- 
ings—by Alloy Precision—to slash manufacturing costs. 
Perhaps it will suggest to you how this versatile metal 
working process cuts down your production of useless 
metal chips . . . increases your production of parts for profit. 


A-8070 


% 
FROZEN MERCURY 
INVESTMENT CASTINGS 


Photos: Courtesy The 
Old Forge, Pa. 


ALLOY PRECISION 













| Manager of Quality Control 
_ A, L. LAMBERT 


' “Mercastings gave us a better product. 
_ Rejection rate much lower than antici- 
| pated. Inspection problems were sim- 


plified.” 


Chief Inspector 
J. A. GALLAGHER 


“Inspection work load was eased 
which meant work went through 
faster and saved us man-hours.” 


Manager of Manufacturing Engineering 
F. H. ROHRIG 


“In addition to cutting costs drastic- 
ally, we freed valuable manpower and 
space for other vital projects.” 


Supervisor of Subcontracting 
R. J. LOMMA 


**We’re sold on mercastings. And 
when Alloy Precision makes them 
we know they'll be to specifica- 
tion.” 
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— @ behind this symbol is an on-hand 


inventory of more than 9,000 items 
and sizes of stainless steel fastenings. 
Ready for immediate shipment, this 
stock is the largest and most com- 
plete in the industry. In addition, 
a production capacity for large or 
small quantities of special orders is 
at your service! A good reason — 
when you think of stainless steel 
fastenings—to think FIRST of 
Anti-Corrosive! Send for Catalog 
53G today! 


ANTI-CORROSIVE METAL PRODUCTS CO., INC. 


Castleton-on-Hudson, New York 


diam on 11/32-in. centers, each 
of which is fitted with 0.015. in. 
diam nickel wire lead 1% in. long, 
All sides of unit are opaque, except 
the light sensitive face (3/16 x 11/32 
in.), located on the side opposite the 
connecting wires. Transistor Products, 
Inc., Snow and Union Streets, Boston 
35, Mass. 
No. 5, R« y | it 


TWO-STEP TIME 
DELAY RELAYS 


Four new time delay relays have 
been developed for control circuits 
requiring two time-delay steps, or 
momentary impulses. Typical two- 
step delay application is the sequen 
tial starting of electric motors. Typical 
impulse application is the operation 
of solenoid valves of air cylinders on 
indexing mechanisms. The Agastats 
are able to provide two timing steps 
because they have an _ adjustable 
pneumatically controlled time delay, 
as well as an adjustable auxiliary 
switch. Overall time delay is adjust- 
able from 0.1 sec to 10 min or more. 
The auxiliary switch can be adjusted 
to operate at any time from 0 to 15 





sec after the start of the overall time- 
delay period. Time delay of NET-11 
and NET-12 starts immediately on 
energization of the solenoid. After an 
adjustable interval, the auxiliary 
switch operates. At the end of the 
adjustable overall time delay period, 
the relay switch operates. Both 
switches hold until the coil is de- 
energized. Then, they immediately 
return to their normal positions. 
When the coil of the NET-21 or 
NET-22 Agastat is energized, both 
switches immediately operate. Time 
delay starts when the coil is de- 
energized. After an adjustable period, 
the auxiliary switch returns to normal. 
At the end of the adjustable overall 
delay period, the relay switch returns 
to normal. Through adjustment of the 
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Selenium available today is remarkably free of unwanted impurities. Bradley controls it 
still further through an exclusive vacuum process. This laboratory control method, applied 
at Bradley on a production line basis, is further assurance of uniform quality and more 
stable rectifier performance. You pay no more for this extra quality — frequently, less. 


Vacuum Processed Bradley Rectifiers 
a plus in your circuit but not in your cost 


c) Plates for Bradley rectifiers — from miniature types to large 
C) power stacks — have selenium applied under vacuum. Vacuum 
ee "Ee processing removes undesirable impurities and permits closely 

C controlled modification of selenium with desired “impurities”. 


Vacuum processing also prevents entry of atmospheric 
impurities during the crystallization of selenium on the plate 
“— a most critical period. Better crystallization results and 
this, in turn, means a better rectifier. 


RECTIFIER STABILITY, longevity and uniformity are the sum of many things. 
One determining factor is the quality of the selenium crystalline structure. 
The better or more closely controlled this structure, the better the rectifier. 





Bradley, through its unique vacuum process, uses the most advanced safe- 
guards to assure excellent crystalline structure. It’s one big reason why we 
can rate our rectifiers conservatively, why you can be sure of Bradley 
stability and long life under operating conditions. Vacuum processing is 
coupled at Bradley with engineer inspection at all points of production. 
This laboratory control saves time and materials, which are translated into 
low unit cost to you. For a plus in your circuit but not in your cost, specify 
Bradley rectifiers. 


For further information or consultation, write or phone our sales engineer- 
ing department. Special problems are welcomed. 


SELENIUM AND COPPER OXIDE RECTIFIERS VACUUM PROCESSED for PERFORMANCE AS RATED 





SELF-GENERATING PHOTOELECTRIC CELLS 


The complete selenium rectifier line — from microamperes to thousands af amperes 





BRADLEY LABORATORIES, INC., 168A Columbus Avenue, New Haven 11, Conn. 
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time delay periods, of normal switch 
positions, and of electrical connec. 
tions between switches, many differ. 
ent operations are possible — from 
momentary impulses to complex 
delay-contact sequences. NET-11 and 
NET-12 are — single-pole, double. 
throw, double-break switches. NET. 
21 and NET-22 are double-pole, 
double-throw, — single-break. —_ Relay 
switch rating is 15 amp and 1]5 
volts. Auxiliary switch rating is 10 
amp at 115 volts. A’G’A Div., Elastic 
Stop Nut Corp. of America, 1027 
Newark Ave., Elizabeth 3, N. J. 

No. 6, Re r Inquiry ft ty, pa 
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SUBFRACTIONAL MOTOR 


Feature of subfractional horsepower 
motor is its ability to operate over the 
entire frequency range from 50 to 
800 cycles. Designated Type A1L5BF- 
15, motor is designed to operate on 
a 115 volt variable frequency supply. 
Input is 20 watts at 50 cycles, 30 
watts at 400 cycles and 60 watts at 
800 cycles. Rated speeds are 3000 
rpm at 50 and 400 cycles, 2800 rpm 
at 800 cycles. Type AI5BF-15 is de- 
signed for single-phase operation but 


PIEZOTRONICS MADE THESE POSSIBLE is also available for 2- and 3-phase 


operation. It is protected against 


What can it do for you? humidity and fungus growth and can 


Modern piezo-electric materials performing the generating function 
have improved microphones, instruments and submarine detectors 
alike. Here the piezotronic elements generate electrical signals in 
response to varying pressures. Other products make use of the motor 
function, or the electric-storage, the optical, the electro-optical, the 
condenser or the impedance functions. 


So that you can easily experiment with piezo-electric materials, in 
conjunction with your product development programs, Brush has 
prepared an “idea kit”’ of piezo-electric elements. This kit is avail- 
able at nominal cost. 


Send your check with the coupon today for the kit of sample piezo- 
electric elements. Or write for the new free brochure and technical 
bulletin. Find out how piezotronics can help develop new products 
for you or improve your present products. 


BRUSH ELECTRONICS | COMPANY be mounted in any position. A re- 

formerly versible motor, it meets all AN speci- 

INDUSTRIAL AND RESEARCH INSTRUMENTS — The Brush Development Co. fications. uses a single winding and 

PIEZO-ELECTRIC MATERIALS © ACOUSTIC DEVICES @ mw iBrrush Electronics Company :; ovided with four leads. Motor 
MAGNETIC RECORDING EQUIPMENT ae io ame eherating unit af is provided with four leads. } 


ULTRASONIC EQUIPMENT Clevite Corporation. can be supplied with or without fan 
or blower. Construction features in- 


BRUSH ELECTRONICS COMPANY, DEPT. SS-11 clude stainless steel thru-bolt, rigid 

3405 Perkins Avenue, Cleveland 14, Ohio die-case aluminum housing and _ riv- 

Please send me the following: Cae “ : wait as sitive 

Scant al cenihnatees-aiesidle Cumeutn. ete d stator. Design assure s positiv 

Enclosed is check for $9.95. bearing alignment and uniform air 

0 PIEZOTRONICS Brochure (free copy) , ‘ formance is said to 

' | ( PIEZOTRONICS Technical Data (free copy) gap. Motor performance is said 

Piezotronics N remain unchanged after repeated im- 
Sample Kit ' TT ne = . Pe B ll 
and | Company. pact shock and vibration tests. Ba 

the complete | Title bearing lubricants are suitable for 
oneraee B+ NINO scnnsinsaccahecmrinisontetbomigntsionennepessetnjpionnicieslineinieamestaas operation at both high and low am- 


i bient temperatures. Motor is shown 
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Sensitivity 

Temperature Range 
Capacity 

Type of Action 
Differential 

Rate of Response 
Integrity of Calibration 
Multiple Cireuit Control 
Tet E bh ay 


Ambient Compensation 


Vilcolator ae Gall 1: CONTROLLING DEVICES 


THE WILCOLATOR COMPANY, ELIZABETH, NEW JERSEY © WILCOLATOR (CANADA) LTD., TORONTO 14, CANADA 
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Phiers 


KLEIN 


wality 


SPE CIALLY 







DESIGNED 


FOR THE ELECTRICAL INDUSTRY 


Now, Klein quality pliers are 
available in new compact pat- 
terns for precision wiring and cut- 
ting in confined space. Note, too, 
the replaceable leaf spring that 
keeps the plier in open position, 


LONG NOSE PLIER 
307-5-Yal —Extremely 
slim pattern ideal for 
the really tight spots. 
Jaws are knurled to in- 
sure a positive grip. 











ready for work. All are hammer 
forged fromhigh-gradetoolsteel, 
individually fitted, tempered, 
adjusted and tested—made by 
plier specialists with a reputa- 
tion for quality “since 1857.” 


OBLIQUE CUTTING 
PLIER — 210-51 — For 
cutting small wires or 
trimming plastic. Entire 
length of cutting knives 
works flush against cut- 
ting surface. 5 


in illustration with blower attached. 
Air Marine Motors Inc., 3939 Merrick 
Rd., Seaford, Long Island, N. Y. 

ircle No. 7, Reader Inquiry Facilit é 
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HEAT-RESISTANT VARNISH 
Clear baking organic varnish, desig- 
nated 9615, offers high bonding 
strength combined with flexibility and 
long life at Class B temperatures and 
above. Tests have proved 9615 suit- 
able as a tough, flexible insulation on 
coils operating continuously at 150 C 
and for short periods at 175 C. It 
bonds as well to electrical compo- 
nents and to Mylar and silicone-glass 
insulations as well as to ordinary 
phenolic varnishes. G-E 9615 was 
developed for aircraft generators and 
transformers, motor generators, trac- 
tion and induction motors and other 
heavy-duty equipment with insulation 
temperature requirements — greater 
than Class A. Other applications in- 
clude use as the binder for cotton 
or glass served wire and as a finish 
coat over conventional Class H_ in- 
sulation to improve the bond, facili- 
tate cleaning and provide additional 
moisture protection. 

Besides having heat resistance 


4 
nd 
; 





or 6-inch sizes. 

















reaching into the lower ranges of 
Class H operating temperatures, the 
new insulation is said to retain ‘ad- 
vantages of conventional oil-phenolic 
varnishes. It has a dielectric strength 
of 1200 volts per mil wet and 2200 
volts per mil dry. It can be cured in 
1 hr at 150 C and exhibits resistance 
to chemicals, oil and salt water. In 
flexibility tests, copper and_ silicon 
steel panels were coated with 9615 
and a large number of other varnishes. 
Each panel was heated to 500 F, 
sprayed with cold water and then 
reheated to 500 F. After 50° such 
cycles the panels were bent over a 
¥% in. mandrel. Only those coated 
with 9615 are said to have failed to 
show cracking or flaking of the in- 
sulating film. The new heat resistant 
varnish is supplied as a 50 per cent 
solids solution in diacetone alcohol 
thinner. It may be thinned as received 
with as much as 50 per cent of xylol 
by weight. General Electric Co., Chem- 
ical Materials Dept., Pittsfield, Mass. 


rcle No. 8, Reader Inquiry Fac 


CHAIN NOSE PLIER 
317-5L—A full inch 
smaller than standard 
pattern. Has a very fine 
knurl that will not dam- 
age soft wire. Also 


available with- / 
out knurl. 4 
TRANSVERSE END 
CUTTING PLIER 

204-6— Useful in pre- 
cision work where or- 
dinary oblique or end 


cutters are too bulky. 
Gives a clean, flush cut 


LIGHTWEIGHT 
OBLIQUE CUTTING 
PLIER 209-5—Smaller 
than 210-5L with an ex- 
tremely narrow head. 
Entire length of cutting 
knives works flush 
against cutting surface. 











DUCK BILL PLIER 
306-5-Y42—This com- 
pact plier has jaws of 
sufficient width to hold 
small springs, yet small 
enough to form wire in 
confined places. 








This Klein Pocket Tool 
Guide gives full infor- 
mation on all types and 
sizes of Klein Pliers. 
A copy will be sent 
without obligation. 


ASK YOUR SUPPLIER 


Foreign Distributor: 
International Standard 
Electric Corp., 

New York 


HARDENABLE STAINLESS 


STEEL 


on * ° — 
"Since 1857 Hardness, non-galling characteristics 


° and superior corrosion — resistance 
Mathias be Sons characterize V2B, a 18-8 type of 
Established 1857 Chicago, 11, U.S.A | stainless steel, containing copper, 


molybdenum, silicon and a_ very 
M J . . 
“abs lie dagen ected A Ma’ ada cachuedlalad tt Secled dhatiadte small amount of beryllium. It is 
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Think of. CENTRAL 


ALL HEADS STYLES * ALL METALS 




















RESEARCH—Aimed at superior products, Central’s years of 
exhaustive research on all types of pre-assembled lockwasher 
applications make possible the broadest use of the Sems 
method of fastening. 


KNOW-HOW —Central’s Sems come to you with proven 
pre-determined specifications for the correct ranges of 
spring action, recommended types of washers (external—in- 
ternal—countersunk—large dome—ring diameter—helical— 
flat washers— Neoprene or fibre discs). 


QUALITY —Years of experience in fastener design and tool con- 
trol, coupled with high speed precision production equipment, 
insures top quality. Central’s Sems with Phillips Recessed, 
standard slotted, clutch heads obtainable with every type of 
pre-assembled washer, will reduce your costs. 


CHICAGO, HLL. 






KEENE, NH, of 


vu Can Depend on Central’ 


alike 


3501) SHIELDS AVE., CHICAGO 9, ILLINOIS 
3028 € ELEVENTH ST. LOS ANGELES, 23 CALIF. © 149 EMERALD ST., KEENE, NH 
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Screen 
Room 
Filters 


BETTER BY FAR BY SPRAGUE 


The power lines entering your 
screen room must be r-f free 
or else the efficiency of your 
shielded enclosure is greatly 
reduced. 





Sprague engineers, long ex- 
perienced in the manufacture 
of radio noise filters for all 
applications, have developed 
numerous types specifically for 
shielded enclosures. A typical 
installation is shown at right. 
Note that each filter is provided 
with a shielded end cap adapt- 
able to most screen room 
power panels. 

Perhaps we can help you im- 
prove the performance of your 
screen room. Write Sprague 
Electric Co., 307 Marshall 
Street, North Adams, Massachu- 
setts for further information on 
modern, high-attenuation filters 
for screen rooms. 










AT eT te 


ST ea CRA TIL YOU CAN DEPEND ON 


complete application 
engineering service 
lM) tl MTT 
in the use of radio 
Art mille e 
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readily machinable in the quench- 
annealed state. It may be hardened 
by a low-temperature heat treatment 
which produces no distortion and 
only a light heat tinting discoloration, 
which may, it is said, be removed if 
necessary. In the annealed condition, 
the material is easily welded, using 
special V2B welding rods. In addi- 
tion to its use in a variety of cor- 
rosive applications, where its high 
hardness and non-galling features are 
required, V2B unlike other precipita- 
tion hardenable alloys, does not over- 
age at elevated temperatures and may 
be used safely in steam applications 
and at temperatures up to 1400 F. 

The resistance of V2B in the 
hardened condition to sulphuric, 
hydrochloric and phosphoric acids 
and their salts is claimed by manu- 
facturer to exceed that of all precipi- 
tation hardenable alloys, and even 
that of type 316, the molybdenum 
bearing stainless alloy. In nitric acid it 
is also superior to the other harden- 
able grades, but not quite the equal 
of types 304 or 316 stainless. Applica- 
tions include use for: valve disks, shaft 
sleeves, impellers, pump casings, pop- 
pets, conveyor links, rollers, gear 
blanks and other parts requiring both 
wear and corrosion resistance. V2B 
may be produced in both the cast 
and wrought form, with the following 
balanced composition range consi- 
dered best for the majority of appli- 
cations. 


Carbon 0.7 
Chromium 19.0-19.5 
Nickel 9.75-10.25 
Silicon 2.75-3.25 
Copper 2.0-2.25 
Molybdenum 3.0-3.50 
Manganese 0.50-0.75 
Beryllium ; 0.10-0.20 


Typical hardness and mechanical 
properties of V2B produced according 
to the composition shown above are: 


Hardness (Brinell)- 
As cast 302 
Quench annealed 269 
Annealed & hardened 363 

Tensile strength, psi 151,000 

Yield strength, psi 122.400 

Elongation, per cent 3 

Reduction of area, per cent 2 


Copper Alloy Foundry Co., Hill- 
side, N. J. 
( > No. 9, Reade quiry Facility, page 26) 


VARIABLE-SPEED 
TRANSMISSION 


Model 28 infinitely variable-speed 
drive has ratings from % to % hp. 
It has many important improvements 
over previous models, including 50 
per cent more power in approximately 
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Tune in “‘Suspense’’... CBS Radio Mons. ...CBS Television Tues. 
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@ Plastics and plastic-metal 
combinations are opening 
new fields in design as 
illustrated by these few of 
many anaemia made by 
Auto-Lite. Here — one 
roof at Auto-Lite’s great Bay Manu- 
facturing Division in Bay City are 
the technical skills and production 
capacity for a new art rendered 
in plastics. The artistic skill of 
Auto-Lite’s Art and Style Division is 
available on matters of design and 
development. Address inquiries to: 


THE ELECTRIC AUTO-LITE COMPANY 


Bay Manufacturing Division 
723 New Center Bldg., Detroit 2, Mich. * Bay City, Mich. 


25 watt, 115 volt, 60 cycle, 2-pole, 2- 
phase motor with auxiliary fan cooling. 
One of the many Diehl Low Inertia 
A.C. Servo Motors available. 


(PR ICie. cae CONSIDER THESE FEATURES 


@ High starting torque @ Low rotor moment of inertia © Widest | 

selection of ratings @ Samples of many sizes available from stock m, 
i * @ Engineering assistance offered when desired @ Production quantities 
hi available in a reasonable time — at a reasonable price. 


i 3 es . Ae 
bee. Ci MS tai aie % oc te 


Diehl originated the Low Inertia A.C. Squirrel Cage Induction Motor — 
and Diehl’s leadership in the field is still being maintained! 

Originally designed for high-performance military servo systems, these 
motors are now being extensively used in the armed services with various 
types of electronic equipment. In industry, too, Diehl Servo Motors and 
components are being successfully applied in the design of automatic controls 
and a wide variety of other applications where optimum performance at 
reasonable cost is essential. 

Meeting all appropriate JAN specifications, the two-phase servo motors 
can be supplied in sizes ranging from 2 watts to 750 watts mechanical 
output, 60 or 400 cycle supply. The smaller sizes include units with inte- 
grally-mounted tachometer generators for feedback. Many of the ratings 
are available with the control winding impedance specially designed for 
operation directly from the plates of electron tubes. Samples of most 60 
cycle, and some 400 cycle, units are available for immediate shipment. 

Our engineering staff will gladly help you select the motors best suited 
to your specific requirements. A request on your letterhead will bring you a 
copy of Technical Manual No. E-1153 describing Diehl Servo Motors and 
related equipment. 


Other Availasle Components: 
D.C. SERVO SE7S © RESOLVERS 
MINIATURE PERMANENT MAGNET D.C. MOTORS 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING CO. 
Finderne Plant, SOMERVILLE, N. J 


the same size, use of a_ two-piece 
housing with integral base, and im- 
proved control that provides linearity 
— equal changes in speed for equal 
changes in dial setting. Improved 
power and performance are achieved 
primarily by sloping the tapered rol- 
lers downward from the input end, 
instead of upward as formerly, which 
results in greater effective roller di- 
mensions in the same space. Mode] 
28 can deliver any speed from zero 
up, and the speed may be changed 
with the transmission running or sta- 
tionary. The drive incorporates built- 
in overload protection that protects 
both itself and the driven machine 
in the event of a jam or excessive 
overload. The transmission is fur- 
nished with a micrometer control 
permitting easy adjustment to, or be- 
tween, the 400 graduations. Also, the 
backlash in the control gearing is 
taken up so that exactly the same 
speed will be obtained for any given 
setting. The transmission can be ob- 
tained in a mechanically reversing 
model in which all speeds from max- 
imum to zero can be obtained either 
forward or in reverse without change 
in output rotation. Model 28 is avail- 
able with a wide variety of built-in 
reducer or step-up gearboxes includ- 
ing single and double reduction heli- 
cal spur reducers and right angle 
worm gear units, with horizontal or 
vertical output shafts. The transmis- 
sion can also be obtained with built- 
in motors of all types (including ex- 
plosion-proof models) and with a 
variety of control. Graham Transmis- 
sions, Inc., Menomonee Falls, Wis. 

ircle No. 10, Reader Inquiry Facilit e 2 


FIBROUS GLASS TUBING 


Using a vinyl plastisol formulation, 
improved BH 649 braided Fiberglas 
tubing and sleeving for electrical in- 
sulation will withstand continuous 
operating temperatures of 130 C. The 
coating which produces a high di- 
electric film is applied over heat- 
treated braided Fiberglas, providing 
permanent flexibility with maximum 
heat stability and resistance to flow. 
Tested after 1000-hr exposure at 130 


Atlanta Baltimore Boston Chicago Detroit New York Philadelphia Worcester C the new tubing showed slight stif- 
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OILITE 


etna ae 


Oilite PERMANENT FILTERS Provide: 


(Acids, Alkalies, Neutrals) 


i 


ié 


CHRYSLER CORPORATION 
Amplex Division, Dept. E 
DETROIT 31, MICHIGAN 


FIELD ENGINEERS, DEPOTS AND DEALERS 
THROUGHOUT UNITED STATES AND CANADA 


Oilite Products Include: Bearings, Finished Machine Parts, 
Cored and Solid Bars, Permanent Filters and Special Units 4,55 
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non-linear 
function 


CcC-200 
external phasing 
potentiometer 


Logarithmic, sine-cosine and 


other shape functions 
Multiple, adjustable taps 


Unitized design for universal 
coupling 


@ Precision machined aluminum 


housing 
®@ Servo or single hole mounting 
For further information § write 


DeJUR-Amsco Corporation, Dept. 
EMP-11, 45-01 Northern Blivd., 


Long Island City 1, N. Y. 


CONNECTORS + METERS 


AmMSCTO CORPORATION 
oot be 8S me oe 2 ee ee rs ae 


OU SS 


POTENTIOMETERS + 


DeJUR 
45-01 
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fening. There was no further change 
even after 1500 hr. The new BH 649 
is glossier than the old, and offers 
higher resistance to chemicals and 
oils. It is non-corrosive within operat- 
ing temperatures. Its physical strength 
assures unusual 
and abrasion. 

tures as low as 


resistance to abuse 
Flexible at tempera- 
50 F it is available 
in three grades with the following 
dielectric strength: Grade B-A-]. 
7000 volts average, 5000 volts 


min; 
grade B-B-1, 4000 volts average, 2500 
volts min; and grade B-C-1, 2500 


volts average, 1500 volts min. Heat- 


resistant, it is self extinguishing with- 
in 15 sec when tested in accordance 
with ASTM and NEMA procedures. 
Supporting braid can be treated 
against capillary attraction to water, 
rendering the inside surface free from 
moisture. Fungus inhibitors can also 
be added. BH 649 is available in sizes 
to fit AWG, bare wire from No. 24 
to 6/0, in black, yellow, red, green, 
blue, brown, gray, orange and purple. 
On special order it can be manufac- 


tured up to 2 in. in diam. Bentley, 
Harris Manufacturing Co., Consho- 
hocken, Pa. 
ircle No. 11, | 


SUBMINIATURE 

CERAMIC CAPACITORS 
Between a range of —40 C and 125 C, 
capacitance of the high-capacitance 
HT series will not fall below 65 per 
cent of its value at room temperature. 
Capacitors may be obtained as small 
as % in. square with a maximum 
thickness of 0.090 in. for a value of 
350 mf (minimum value at 
temperature) and with a rating of 
200 working volts d-c. Units are 
usually made to the customer's di- 
mensional requirements either square 
or rectangular with radial or axial 
leads. Although No. 26 gage tinned 
copper wire is normally used, other 
sizes may be specified. Several capac- 
itors in one multiple unit may be 
made to fit the required assembly. 
Capacitance values up to 0.04 mf, 


room 
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Will One of These HOWARD fractional h.p. motors 
. fit your application? 


Daye eee ee 
mre” 


c= 





1/25 to 1/15 #.?. 


e Wet Sane re sae : 

. Pee. +3000 GEAR MOTOR 

; UNIVERSAL | SHADED _ 

4 RS ; 


’ Here’s How You Can Find Out! 


Write today, wire (Cyclohm, Racine) or phone our 
Sales Department (Racine 2-2731) and give us full information 


and specifications on your motor requirements. We will Com tal a Motor 
recommend the HOWARD motor that can be adapted to by Be Za 1 
2s your job and samples will be made promptly for your 4 — P 


” engineering department test. Compare performance, 

= : : UNIVERSAL and 

. delivery, quality. Be sure you have the full story before 

e DIRECT CURRENT MOTORS 1/1000 to 1/2 H.P. 
ll you select a motor — be sure you have the facts 

id on HOWARD motors SHADED POLE MOTORS 1/2000 to 1/8 H.P. 
of INDUCTION MOTORS 1/1400 to 1/4 H.P, 

m HOWARD fractional h.p. motors are being used by 

of many leading manufacturers of aircraft, business machines, 


re appliances, cameras and projectors, electronic equipment, H Oo i y. 34 |» 
i- 


portable power tools, sewing machines, vending 
re 
al machines and hundreds more. 


d Check with us today on your quantity motor requirements. DEPT. EM-10, HOWARD INDUSTRIES, INC, 
er RACINE, WISCONSIN 





re DIVISIONS: 


r, E ORP. 
y EMC ELECTRIC MOTOR CORP EH everonm MOTOR CORP 
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rated at 200 working volts d-c, and 
0.025 mf rated at 500 working volts 
d-c, may be obtained. The larger 
values are made by stacking ceramic 
plates which maintains minimum area 
but increases thickness. Coatings 
normally consist of vacuum wax-im- 
pregnated phenolic insulation, but 
units 0.060 in. thick may be secured 
by specifying baked enamel coating 
where high humidity conditions are 
not encountered. Power factor is less 
than 2.5 per cent at 1 ke at ambient 
temperature. Capacitors are used in 
hearing aids, airborn and other equip- 
ment. Mucon Corp., 9 St. Francis St., 
Newark, N. J. 
e No. 12, Reader 


SYNCHRONOUS 
MOTOR 


AIR CONTROL MANIFOLD 
VALVE 

Compact unit consists of pressure 
. 40 oz. in. torque at 1 RPM regulator plus the accessory valves, 
. Coils for 24, 110, 220, 440, 


. Sealed lubrication. 


and 550 volts (Without resist- 
ors or transformers) 


. Mount in any position 


Uses accurate machine ‘cut 


pressure gage and fittings normally 
required to control the pressure in an 
air line. Designed for use on mechan- 


gears 

- Power imput 

Model 50 — 7 watts 
Model 52 — 10 watts 
Model 56 — 10 watts 


10. Ground and polished steel 
shafts. 


6 
7 
8. 
9 ical presses to control air pressures 
on such devices as die cushions, 
counterbalance cylinders, clutches and 
brakes, and automation auxiliaries, the 
Danly air control manifold 


. Frequencies—60, 50 and 25 
cycle 

. Wide selection of output 
speeds from 1800 to 1/6 RPM 

. For ambient temperatures — 
20°F. to 120°F. 


offers 


The Hagen Motor is designed for 
industrial use where a synchronous 
motor heavier than the convention- 
al type is required. 


NEW BULLETIN 1053 


Extensive research has developed 

the Model 50 motor which incor- 

porates many new features to... 

SOLVE your motor problems. 
several features for many types of 
pneumatic circuits that require pres- 
sure regulation. Essentially, the unit 
consists of a globe-shut-off valve 
which admits the compressed air sup- 
ply, an adjustable pressure regulator, 
a pressure gage which is protected 

| from line fluctuations by a needle 
valve, a check valve, and a globe 
exhaust valve. All these are housed in 


Subsidiary of EAGLE SIGNAL CORPORATION 
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as simplify your 
production problems 


oe» Encredse your 


Services Available 
Designing ¢ Engineering 
Die Making ° Metallurgical Control i” 
ee Nader ong Cosas : citi — yf ( we design effectiveness, 
Ronplete Machining, rae and co 

Assembly Facilities 


A DIVISION OF... 


DIE CASTING ee 


CHICAGO, ILL., 4535 FULLERTON AVE....BRIDGEPORT, CONN., 275 WAR 





one unit which is only 10 in. from 
inlet to outlet. Use of manifold re- 
places 14 threaded joints, as well as 
pipe fittings required to assemble this 
type of circuit from standard fittings, 
as well as to eliminate leaky joints. 
Important feature of the design is the 
use of special headers when more 
than one manifold is required. This 
arrangement further reduces pipe fit- 
ting and installation costs and permits 
assembly in confined space and brings 
these controls to one central station, 
Headers, available in two-, four- and 
eight-station units, can be used for 
the addition of filters and lubricators, 


Danly Machine Specialties, Inc., 2100 — 
South Laramie Ave., Chicago 50. | 
Circle No. 13, Reader Inquiry Facility, page 26] oo 


specify IRIDITE TIMING DEVICE 


Reset timer Model 437 is driven by 
AN-C-170 MIL-S5002 MIL-C-5541 AN-P32 a synchronous motor and is designed 
AMS-2402A USA-50-80-11A J.Q.D. No. 144B to hold an electrical circuit closed 
USA 57-93-24 OS. No. 1374 USA57-0-2C AN-P61 for a preset time after the start but- 


ton is pushed. Applications include 

























A-XS-1607 QQ-P-416 QQ-Z-325 MIL-3151 use on molding machines and other 

if you’re finishing under these or similar specifications, equipment requiring accurately timed a 

here’s how you can use Iridite: intervals. In operation the dial pointer Be 
is set at any desired time between 0 i 

ON ZINC AND CADMIUM you can get highly corrosion to 150 sec. When the start button 

resistant finishes to meet any military or civilian is pressed the timer contacts close, 

specifications and ranging in appearance from olive and at the end of the preset time 

drab through sparkling bright and dyed colors. interval, the contacts are opened. The 


ON COPPER... Iridite brightens copper, keeps it 
tarnish-free; also lets you drastically cut the cost 


of copper-chrome plating by reducing the need for 
buffing. 


ON ALUMINUM Iridite gives you a choice of natural 
aluminum, a golden yellow or dye colored finishes. No 
special racks. No high temperatures. No long immer- 
sion. Process in bulk. 


ON MAGNESIUM Iridite provides a highly protective 
film in deepening shades of brown. No boiling, elab- 
orate cleaning or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature 
by dip, brush or spray. No electrolysis. No special equip- 
ment. No exhausts. No specially trained operators. Single 








dip for basic coatings. Double dip for dye colors. The pro- 
tective Iridite coating is not a superimposed film, cannot 

flake, chip or peel. 

WANT TO KNOW MORE? We'll gladly treat samples or send you com- contacts remain open until another \ 
plete data. Write direct or call in your Iridite Field Engineer. He's cycle is started by pushing the Start- 


buttcn. The setting for the time in- 
terv:.] remains fixed for repeated time 
intervals until the dial pointer is 
placed at a new interval setting. The 


listed under “Plating Supplies” in your classified telephone book. 


ii oa 








two normally open contacts are rated , 
at 20 amp at 110 volts, or 10 amp 
A 4 a at 220 volts a-c. Face-plate dimension f 
INCORPORATED is approximately 4% in. square; over- rel 
4004-06 E. MONUMENT STREET © BALTIMORE 5. MD all depth is 3% in. Other features are ate: 
contacts which have a snap action is ¢ 
combined with a rubbing motion - 
which results in greatly increased Bul 


contact life. Other models are avail- 
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G-E Photoelectric Relays Sort, 
Count, Signal — Automatically 


Counter: 


—e ' —P 


Mm oo 








Phototube 


Counter 
Relay 
> — 
_— oO. @& Oro oO 
Bo O:..0 0°} O 
3 ib ° .-9 
F) Potorube 
i Photo- Relay 
-Light tube 





Source 
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CR7505-K 100 

Simple, Inexpensive, Dependable 

Ideal for applications not requiring 
extreme accuracy or extra high speeds, 
the K100 can relieve costly personnel 
for more productive jobs. A good ex- 
ample is the application at left, where 
this relay is being used to operate a 
counter on a conveyor line. The K100 
is furnished in a sturdy NEMA Type I 
enclosure. Bulletin GEA-3533D. 


CR7505-K201 
High-quality, General-purpose 
Relay 

The K201 photoelectric relay, shown 
at left counting small cans on a high- 
speed conveyor line, offers sufficient 
sensitivity and operating speed for 
most applications. 

The K201 is available in either 
weather-resistant and dust-tight 
(NEMA III and V) or explosion-proof 
(NEMA VII) or water-tight (NEMA 
V). Bulletin GEA-5920. 


CR7505-N210 

High Speed, High Sensitivity 

The N210 relay is an extremely 
sensitive device designed for opera- 
tion at very high speeds. 

In the example shown here, it is 
used on a conveyor to separate cans 
according to markings. It can also be 
used to sort unlabeled cans from cor- 
rectly labeled ones. Available in same 


enclosure types as K201. Bulletin 
GEA-5921. 


SPECIFICATIONS 


Maximum operating speed: 


K100: 150 per minute 
K201: 450 per minute 
N210: 600 per minute 


Maximum operating distance: 


K100: 30 feet 
K201: 70 feet 
N210: 210 feet 


Sensitivity*: 


(Minimum light intensity at pho- 
totube for successful operation) 
K100: 40 fe. 
K201: 3 fe. 


N210: 1 fe. 


* Depending on combination se- 
lected. 


High contact rating 


Can start f-hp motors directly, 
and operates all a-c motor starters 
through NEMA Size 4, without 
additional relay. Meets all NEMA 
standards. 





Handles timing 
over three ranges. 
.06-1.2, .6-12, 6-120 
seconds. Highly ac- 
curate, versatile. 


Bulletin GEA-5255. 





ELECTRONIC RELAY CR7511-A126G2 


A versatile new 
telay which oper- 
ates wherever there 
is sufficient change 
in circuit resistance. 
Bulletin GEA-5893. | 
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FOR MORE INFORMATION, contact your nearest G-E Apparatus Sales Office or authorized 
G-E distributor, or write General Electric Company, Section F 785-8, Schenectady 5, New York 


for the following bulletins: 


(1) GEA-3533D, Photoelectric Relay K100 
(1) GEA-5920, Photoelectric Relay K201 
(1 GEA-5921, Photoelectric Relay N210 
NAME 

COMPANY 


ADDRESS.... 


a 


1 GEA-5255B, Electronic Timer 
CL GEA-5893, Electronic Relay 


STATE 
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TELEVER 
NG 


A unique design telephone type 
lever switch, rugged but light con- 
struction. For applications requiring de- 
pendable switching. Made in 2 and 3 posi- 
tion types, both locking and non-locking. 


Fe ee eR Pee 
cil i inate ia SS ic iii 


For Those Rugged . 
sh Applications 


ag 






“ 


































“LEV-R-SWITCH” MODIFICATIONS _— ii a 
A smaller switch for single Our flexible tools make modi- eee 


hole mounting. Available in fications to meet special re- 


many popular and less com- quirements economical and 
Should Be In Your File! / 






Write for catalog of standard switches and other 
components. For modifications, please furnish com- 
plete information—applicable specifications, quan- 
tities, etc., for prompt handling of your inquiry. 


AAS A 


1324 N. Halsted St., Chicago 22, Ill. 


Canadian Representative: Atlas Radio Corp. Ltd., 560 King St. W., 
Toronto 2B, Canada. Phone: Waverly 4761 


plex circuits. practical. 









1 


* The name ‘‘Switchcraft’’ is a registered trade mark and is the property otf 
Switchcraft, Inc 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS e 





Pa 
= 
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PRECISION GEARS 
SoU MULUN 


Modern electro-mechanical 
equipment can be no _ better 

than its components. Of these, 

gears and gear trains are among 

the most important. Consult 

Bowmar when you need them. 


FOR DESCRIPTIVE LITERATURE, DEPT. EM-3 

















ELECTRICAL 


able with adjustable intervals up to 
24 hr. Masco Products Co., 2119 
Sepulveda Blvd., Los Angeles 25. 
Calif. 
rcle No. 14, Re 


OFFSET-SHAFT 

SPEED REDUCER 

By rotating the end bell, the unit's 
output shaft can be connected to the 
load either above, below, right or 
left of the drive motor. Mechanical 
features include: oil-bath lubrication 
of all gears; use of helical gears; and 
transmission of lateral load stresses 
directly to the motor’s mounting base, 
This is accomplished by locating the 
gear train immediately adjacent to 
the vertical centerline of the base. 
The oftset-shaft Motoreducer converts 
the motor’s conventional high speed 
into a low-speed, high-torque output 





in one step. Unit is available in rat- 
ings from 1/2 through 5 hp and in 
output speeds from 190 through 520 
rpm. Versatility is provided through 
the use of  fluid-shaft,  slip-ring, 
squirrel-cage and multispeed motors. 
These motors can be obtained with 
either one or two through-shaft mag- 
netic brakes located at any point on 
the output or input shafts. The 
through-shaft feature permits exten- 
sion of the drive shaft through the 
brake. Reuland Electric Co., 3001 W. 
Mission Rd., Alhambra, Calif. 
ircle No. 15, Reader Inquir 


Facility 


VARIABLE RESISTORS FOR 
PRINTED CIRCUITS 

Design features of two new variable 
composition resistors for printed cir- 
cuits include: protection against bend- 
ing during handling achieved be re- 
cessing each blade-type terminal in 
a notch in the bakelite base of the 
control; mounting space is conserved 
on the printed circuit panel by plac- 
ing terminals close into the mounting 
bushing; and adequate clearance for 
circuit paths is provided by ample 
spacing between terminals. The new 
controls are available with either a 
%-in. diam (Type U70) or a 15/16- 
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Lit, 


adjustable 
speed line 


Gal the 
(ight ante 


I pays to think first of the 

Louis Allis Co. whenever you're 
considering adjustable speed drives for 
your product or plant. Louis Allis 
builds all basic types. There’s no 
compromising — from this complete line 
you can select the unit that’s exactly 
suited to your job conditions and 


engineered for your application. 


For the simplest — and best 
— solution to any adjustable 
speed drive problem, call 
your nearby Louis Allis Sales 


Engineer, or write to us. 


THE LOUIS ALLIS CO. 
MILWAUKEE 7, WISCONSIN 


ASD-101 
























































































































































~ “| haven’t met 
amanyetwho fF | 
isn't impressed \] a 


by the 


COPYFLEX 


story...” 


says Frank Holt, 
Bruning Drafting Room Specialist 


Ange ARNT RR NES YS 


“Everybody knows operating costs 
are high these days. So engineers 
and draftsmen get a pleasant surprise 
when they find they can save plenty 
by whiteprinting the Copyflex way. 

“With the high-volume Model 93 
COPYFLEX, for instance, they can 
copy anything drawn, written, typed 
or printed for less than 2¢ a sq. ft. 
And they get dry, ready-to-use prints 
in a matter of seconds. 










“They like its continuous high- 
speed production, and the efficient 
vacuum feed that permits easy inser- 
tion of curled originals. 

“Elimination of expensive ventila- 
tion systems and plumbing makes a 
big hit, too.” 

From prints to pencils, Bruning- 
trained men like Mr. Holt can take 
care of every drafting room require- 
ment. They give “in-person” attention 
to your needs and fast service on all 
kinds of drafting room equipment. 
They help you turn out better work 
in less time at lower cost. For more 
facts and figures on Copyflex, send 
coupon today. 


From Pencil to Print, only 
BRUNING has everything 


@ COPYFLEX Whiteprinters 

®@ Drafting Machines 

® Tracing Paper and Cloths 

@ Surveying Equipment 

® Drafting Furniture 

® Drawing Instruments 

® Sensitized Papers, Cloths, Films 
® Electric Erasers 






in. diam (Type U45). The 15, 16-in, 
diam control is also available with 
either a SPST and DPST switch rated 
at 3 amp, 125 volts. (Type GC-U45 
and Type WF-U45, respectively), 
Specifications are: for Type U70, wat- 
tage rating 0.3 watt for resistances 
through 10,000 ohms, 0.2 watt with 
350 volts max across end terminals 
for resistances over 10,000 ohms; for 





Type U45, wattage rating ‘2 watt for 
resistances through 10,000 ohms, % 
watt for resistances over 10,000 ohms 
through 100,000 ohms and % watt 
with 500 volts maximum across end 
terminals for resistances over 100,000 
ohms. Ratings for Type GC-U45 are 
the same as for Type U45. Chicago 
Telephone Supply Corp., 1142 W. 
Beardsley Ave., Elkhart, Ind. 

e No. 16, f er Inquiry | ity 
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CONSTANT-VOLTAGE 
D-C SOURCE 


Wide changes in the a-c input to the 
Ref-Pak reference power source have 
negligible effects on its d-c output. 
Model MM-6, which delivers 25 ma 
d-c to a 100-ohm load, features a 
stability of regulation of better than 


















T cuantes BRUNING COMPANY, INC. Dept. E isl © Complete Line of Drafting 

| 4700 Montrose Ave., Chicago 41, Ill. | Supplies and Equipment | 

| ( Please have a Drafting Room Specialist call | 

1 © Send me free booklet on COPYFLEX 93. | | 

|) Show me COPYFLER tn ection (no sbtipation). J | 0.5 per cent. This is maintained de- 
| | BRUNING | spite variation in the line voltage over 

raids Fw e-celan © hS.0s wom Title , = os 

| | a range of 95 to 135 volts, and fre- 
| Ras oro) te cnkreseeeurense dens | quency fluctuations from 55 to 65 
J Street... 2.1... cece eee eee e towne ees Everything for the Engineer and Draftsman cycles. Ref-Paks are available in d-c 
] city. ee ee ratings from 1/10 ma to 50 ma. 
L _ __. orrices in Principat cities . __ I Model MM-6 is potted in a can 
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CONTINUGUS PICKLING UNIT 
added at 


PRODUCTS OF 
NEWPORT STEEL 


Hot-Rolled Steel in Coil 
Hot-Rolled Pickled Steel in Coil 
Electric Weld Line Pipe 
Hot-Rolled Sheets 

Galvanized Sheets 
Galvannealed Sheets 
Colorbond Sheets 

Hot-Rolled Pickled Sheets 
Electrical Sheets 

Alloy Sheets 

Roofing and Siding 

Eave Trough and Conductor Pipe 


Culverts 


CORPORATION 
NEWPORT, KENTUCKY 


ECONOMICAL WATERAIL DELIVERY 








by Using these Modern Mechanical Helpers 


Ta ae 
CE MLA CIE ZCA 
HOPPER UNITS 


These popular, advanced 
machines offer a fast, dependable 
method of assembly definitely 
proved indispensable in other 
plants . .. In replacing slow, 
tedious manual handling, it has 
boosted production substantially, 
sustaining uniform results by 
eliminating human error... 
Whatever your feeding and 
assembling operations may be, 
our engineering experts will 
analyze your problem and come 
up with a practical solution ... 
Give us details . . . Send sample 
assembly. 


ee Tae gee 
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measuring 242 in. x 242 in. x 2% jn. 
The Ref-Pak is a source of constant 
bias for transistors, magnetic ampli- 
fiers, battery chargers and_ voltage 
regulators. In addition, its small size. 
low cost, and constant output offer 
advantages to the designers of auto- 
matic control circuits when a refer- 
ence source is required. The unit can 
be used to perform the functions of 
constant voltage transformers, volt- 
age-regulator tubes, permanent-mag- 
net devices, and other reference 
sources. Magnetic Controls, Inc., 119 
West 63 St., New York 23. 

e No. 17, t 


MINIATURE TANTALUM 
CAPACITOR 

Tiny tantalum capacitor is a small 
high-capacity unit designed for low- 
voltage, d-c applications. Designed for 
miniaturized assemblies using tran- 
sistors, unit is 46 in. long and has a 
¥g in, diam. Major feature of the unit 
is the advantage in size per volt micro- 
farad. Other features include: long 
shelf and operating life, wide tem- 
perature range, and low-leakage cur- 
rent. Sealed against leakage or con- 
tamination and utilizing a non-acid 
electrolyte, it is designed to operate 
over a temperature range of —20 C 
to 50 C. Capacitors are available in 
ratings from 2 to 16 volts, 4 to 0.7 mf, 
respectively. Another, larger capacitor, 


42 in. long, with similar characteristics 





and the same voltage range, but with 
ratings of 8 to 1.5 mf, respectively, 
is also available. While temperature 
below —20 C reduces the value of 
capacitance, the new units, it is said, 
will continue to operate and will often 
give satisfactory values at much lower 
temperatures. Capacitors rated at 10 
volts or above, and at —55 C will 
maintain at least 65 per cent of its 
value at 25 deg C, according to ad- 
vance tests. It is also possible to 
obtain satisfactory performance above 
50 C with some life restrictions. 
The units are recommended tor 
non-resonant, non-critical applications 
such as coupling, by-pass, and filter- 
ing, where bulk capacity is useful. 
Capacitors have a tantalum anode ox- 
idized to the voltage rating, enclosed 
in a silver case, and impregnated with 
non-acid solution. A synthetic plug in 
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n visualizing AUTOMATIC ELECTRONIC 
CONTROLS for your equipment, 
think of them LIKE THIS ’ 


Are your 
rospects 
afraid of the 

uittle Black Box?” 

nderful new 
Controls 
e death of 
niess the 






Your wo 
Electronic 
may mean th 
—u 

Se buyer sees that 
his own personnel er 
locate and correc 
Control troubles of 


the spot 






SIMPLE 
PLUG-IN CHASSES 







SIMPLE 
nus: IN PACKAGES 


1's '‘ 


. Here are the bold _ Here’s how to get them: 
; [new Standards: IT’S AS SIMPLE AS THIS - 


Oo 1 Unitize your circuitry in compact vertical planes 


: ° on @ using Alden Formniant Card Mounting S “a> 
Circuitry subdivided, : wi 


function by function into ETS i dh +00 © © 0, 


plug-in units. JUMPER met 

PREPUNCHED TER= MINIATURE _ Eliminates wiring ae MTG. 

MINAL MTG. CARD TERMINALS for common circuits SOCKETS 
You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Scrip and 
Sockets staked to accommodate any circuitry — making complete units ready for housing. 
Components snap into unique Alden Terminals, are held ready for soldering. 


%) To mount this vertical circuitry, ALDEN PLUG-IN PACKAGES AND BASIC 





YOUR COMPLETED CIR ' 
FOR PLUG-IN PACKAGE, 
OR CHASSIS 


e CHASSIS give tremendous Variety with standard components 


wy> Ea x 
EY? a 
srOT iOS, anetEe Rs PeMebieee, 


Standard Alden components provide eremendous varicty to build almost any circuitry as plug-ins. Wich spares, your ei 
are units replaceable in 30 seconds. 


ALDEN 
; PLUG-IN j ‘| " é 
Tiny telltales spot trouble 2 ron fi ‘| dak. 
instantly. on eS 6217" widths 
a20PIN ¢ OS Be 





re . 
f 3 Give chassis easily traceable interconnects and 30-second 
) © replacement with ALDEN SERVE-A-UNIT KIT 
1, IT’S AS SIMPLE AS THIS Arrange Alden Side Rails (1) eo #) Cassels that plugs in, locks and ek : 
° nd Alden Lock Fr. (2) to wit alf turn of the wrist. 2) leads so beautifull; 
n Plug in replacement suit your chasis. Alden Serve- organized, accessible and identified that non-technical 
A-Unit Locks (3) mount in personnel can service. 


Spares in 30 seconds, 


your chassis to engage pre- 
unched holes in Alden Lock 
rame (2) to pilot, draw in, 
lock or eject your chassis. 
Arrange Alden Back Connec- 
tors (4) in orderly row on 
Alden Lock Frame. Mount 
mating Alden Back Connec- 


_ tors on your Chassis, - mS ap ee ° V 

a} radi Titers ceases 

ay ALDEN BACK ean oat taet 
a) 

All leads brought to sin» 


z : 4, Assign to each unit ALDEN SENSING ELEMENTS «= to spot trouble instantly: 
gle accessible point of - 
check — all numbered, 


! e Compact front panel easily pPaarues MINIATURE 
: - mounts 6 tiny Ale passion INDICATING INDICATING 
car we ements — specifically de E 
color-coded — so layman _* signed to lick the problem of 


can make first-level tests, Ltd small space, 


X- REQUEST FREE HANDBOOK 


Describing complete system of Plug- 
th in Unit Construction and Compon- 
a 226 pages and many Planning 

ects. 











By thinking of your Electronic Controls in terms of ultimate plug-in units — you Ii 
the problem of RELIABILITY IN SERVICE for your Customer ... and you wash ou} 
problems of Design, Manufacture and Procurement for all concerned, 








NA-ALQ) ALDEN f PRODUCTS ‘oF | 125 DR Main St., Brockton 64, Mass. 





inside this package on your Jobber’s shelf... 
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q C-TYPE 


With 10” color-coded 
leads brought out 
through fibre board 
base cover. Lead ends 
are stripped and tinned 
for easy soldering. 
Flange-mounted unit. 





there’s nothing tougher 
than CHICAGO 


*. “Sealed-in-Steel” construction 


CHICAGO“New Equipment” transformers 
(available in 3 mountings) feature one- 
piece drawn-steel cases—the strongest, 
toughest, best-looking units you can 
buy. The one-piece seamless design, 
enclosing an electronically perfect con- 
struction, provides the best possible 
electrostatic and magnetic shielding, 
with complete protection against ad- 
verse atmospheric conditions. For every 
application: Power, Bias, Filament, 
Filter Reactor, Audio, MIL-T-27, Step- 
down—ask your electronic parts dis- 
tributor for CHICAGO ‘“‘Sealed-in-Steel’”’ 
Transformers—the world’s toughest 
with that extra margin of dependability. 


Free CHICAGO Complete Line Catalog 


You'll want the full details on ali CHICAGO “Sealed- 
in-Steel” New Equipment Transformers and complete 
replacement transformer lines. Write for your free 
CHICAGO Catalog today, or get 
© copy from your electronic parts 
distributor. 





H-TYPE 


Hermetic sealing meets 
all MIL-T-27 specs. 
Steel base cover is 
deep-seal soldered into 
CHICAS case. Ceramic bushings. 
Stud-mounted unit. 


Ce 


S-TYPE 


Steel base cover fitted 
with phenolic terminal 
boar onvenient 
numbered solder lug 
terminals. Flange- 
mounted unit. 


UTE TS te 


a) ee 





THICAGE 
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the end of the case is roll-crimped into 
place and a_ solderable _ tin-coated 
nickel lead is lap-welded externally 
to the projecting tantalum anode lead, 
permitting connection un to the ¢ Case, 
The case itself is the cathode, and 
is equipped with a tin-coated copper 
lead soldered to the case. The units 
are of the polarized type. General 
Electric Co., Schenectady 5, N. Y, 

e No. 18, Reader Inquiry Facility, page 26]. 


INERT GAS RECTIFIER 
Xenon-filled rectifier tube, Type 6288, 
has been designed for substitution of 
mercury rectifier tubes where quick- 
starting and rectification is required 
under unusual temperature and elec- 
trical conditions. Tube can withstand 
an impact of up to 100 g. Are re- 
sisting high emission cathode is di- 
rectly heated. Filament voltage is 2.5 
volts a-c d-c; filament current is 
2.0 amp a-c or d-c. Peak in- 


or 
0.2 


10,000 volts. Aver- 
age anode 125 ma with a 
peak current of 2.5 amp. Average arc 
drop is 10 volts or less and warm-up 


verse voltage is 


current is 


time is 5 sec. The 6288 is compen- 
sated for an ambient temperature 
range of —55 to 75 C. Dimensions 


are: maximum height, 4.70 in. and 
maximum diam 1.57 in. Tube is inter- 
changeable with the 816 mercury rec- 
tifier. Taylor Tubes, Inc., 2312 W. 
Wabansia Ave., Chicago 47, IIl. 

No. 19, Reader Inquiry | t 


CIRCUIT BREAKER 

New J-frame circuit breaker is more 
compact than former 225-amp design. 
Measuring only 9 in. wide by 11 in. in 
length and 5% in. deep (including 
handle), the new J frame can be used 
on combination motor starters and 
many other applications. New design 
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Two views of Kopp’s"h 14" shop, pressing 
(above) and blow.ijig (bciow). 


NOVEMBER 


1953 


Through extensive experience in the design and manu- 
facture of technical glass products, and the close in- 
tegration of engineering and manufacturing facilities, 
Kopp meets the most exacting specifications for glass 
products. 

Working to a given set of conditions, every step from 
the design of the part to the checking of the samples is 
carried out in our own laboratories and shops. Glass for 
production runs is melted in individual muffled pots and 
worked by skilled hand workers. Careful checking during 
manufacture and before shipping insures strict adherence 
to specifications. 

Only in this way can engineered products such as we 
make be produced on an economically sound basis. 


KOPP GLASS, Inc. 


SWISSVALE, PA. 


































MYCALEX 


GLASS-BONDED MICA 


G2 aaa SS 
STABILITY 
aU 1 8S 


“STABILITY for 20 years must be 
certified.”” That is the specification 
requirement that Mycalex glass- 
bonded mica accepted when others 
had refused it. 


Mycalex glass-bonded mica is elec- 
trically stable, dimensionally stable, 
immune to moisture, arc resistant, 
impossible to carbonize, corona re- 
sistant, radiation resistant, inert to 
organic solvents. 


Optically 
Flat Disc 





Ignitron 
Tube Base 


—~ Feed-Through 
SS Insulator 
YES, Mycalex glass-bonded mica 
can be certified to be stable for 20 
years, But why not write for the 
full story? Our Engineers Handbook 
& Catalog is yours for the asking. 





PTHE INSULATOR 











features include: enclosed terminals 
that reduce the possibility of phase- 
to-phase faults; external instantaen- 
eous trip adjustment provides 5 
separate instantaneous trip-point set- 
tings; and _ solderless pressure-type 
cable connectors. Rear connection 
studs simplify switchboard mounting. 
The unit is a thermal-magnetic cir- 
cuit breaker with quick-make, quick- 
break operating mechanism. Common 
trip operation is retained; an over- 
current on any pole opens all poles 
simultaneously. Extra auxiliary de- 
vices, such as shunt trips, undervolt- 
age trips, auxiliary and alarm switches 
are internally mounted within the 
breaker case. UL-approved, breaker 
is factory-calibrated and sealed to 
prevent tampering. It is available in 
ratings from 70-225 amp; 2- and 3- 
pole; 600 volts a-c, 250 volts d-c, 
15,000 amp interrupting. I-T-E Cir- 
cuit Breaker Co., 19th and Hamilton 
Sts., Philadelphia 30, Pa. 

e No. 20, R f ry F 


HERMETICALLY SEALED 
RESISTORS 

Type PM resistor, designed to ex- 
ceed MILR-93A_ specifications, were 
developed to answer the demend for 
light weight resistors capable of with 








MYCALEX 


GLASS-BONDED MICA 


WITHSTANDS 
PVT A)! 
GUE VE A 





MYCALEX glass-bonded mica will 
withstand more — much more — of 
combined high temperature, radia- 
tion effects, thermal shock, high 
voltage, high frequency, mechanical 
stresses and high altitude than tra- 
ditional electrical design calculation 
tables say that any insulation can 
stand. 


It is the high “across the board” 
average that causes engineers to call 
Mycalex glass-bonded mica ‘‘the 
world’s most nearly perfect insula- 
tion.” 





Fire Detector Housing 
- 





Rotor ' 


Spark Plug 
Connector Sleeve 


YES, bad conditions can ‘‘gang’”’ 
Mycalex glass-bonded mica, or they 
can attack it one at a time. Mycalex 
glass-bonded mica, the only Ceramo- 
plastic, will endure them no matter 
how they come. 


Write for the whole story. 





Insulated gear illustrates breakage 
resistance under wide temperature 
changes, even with large inserts. 


PTHE INSULATOR 








MYCALEX CORPORATION of AMERICA 


World's Largest Manufacturer of Glass-bonded Mica Products 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 
GENERAL OFFICES AND PLANT 
116 CLIFTON BOULEVARD, CLIFTON, NJ. 


NMYCALEX CORPORATION of AMERICA 


World’s Largest Manufacturer of Glass-bonded Mica Products 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 
GENERAL OFFICES AND PLANT 
116 CLIFTON BOULEVARD, CLIFTON, N. J 









standing severe exposure to moisture 
and salt spray. Resistors are imbedded 
in a specially developed high-tempera- 
ture compound having the same tem- 
perature coefficient of expansion as 
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MOTORS 


e208 64 8 2S. 6 oS 





uantity 


For Nearly Every Purpose 










Mechanical Types Drip-proof (1); Splash-proof 
(2); Totally Enclosed Non-Ventilated (3); Totally 
Enclosed Fan-Cooled (4); Rotors and Stators (5); 
Rigid Base (6); Resilient Base (7); Flanged (8); 
Vertical Solid Shaft (9); Vertical Hollow Shaft (10); 
Gear Motor (11); Special Purpose (12). 


—r 
A. O. Swirn offers you quality motors in a wide 


range of types and sizes from 13 H.P. to 500 H.p. Proof of 


Electrical Tyoes: Fractional H.P. 1% to 34. In- 
tegral H.P. 1 through 500. Single phase. Poly- 
phase. Normal Slip. High Slip. Normal Torque. 
High Torque. 
quality is demonstrated daily by hundreds of thousands 
of units which furnish power for all kinds of useful work. 
Service throughout the nation is provided by hundreds 


of Authorized A. O. Smith Motor Service Stations. Write 





today for information on standard or special types. 


A. O. Smith Corporation, Electric Motor Division, 5715 
SMITHway St., Los Angeles 22, Calif. 





* ® 
ELECTRIC MOTOR DIViISsioc?r 





FACTORIES: 5715 SMITHWAY ST., LOS ANGELES 22, CALIF. + 1000 WEBSTER ST., DAYTON 4, OHIG 


Offices in Principal Cities. International Division, Milwaukee 1 
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YOU CAN'T 
do THAT with 


MYCALEX 


GLASS-BONDED MICA 


YOU CAN’T use Mycalex glass- 
bonded mica as a hammer head to 
drive a nail. 


BUT it is used in one installation 
because it is the only high tem- 
perature insulation that will 
stand the abuse that mechanics 
give it when installing the equip- 
ment. 

YOU CAN’T use Mycalex glass- 

bonded mica as a crucible over a 

Bunsen flame. 


BUT you can solder and re-solder 
the hardware or inserts molded 
into, or fastened to, this material. 
It withstands assembly line abuse. 


Tube Sockets — 
Mycalex Tube Socket 
Corporation. Under 
exclusive license of 
Mycalex Corporation 
of America 


THE LIMITATIONS AND ABILI- 
TIES of Mycalex glass-bonded mica 
have been carefully studied. Here is 
a major engineering material that 
you can specify with confidence. The 
very stability of Mycalex glass- 
bonded mica guarantees that its 
properties will be true, constant and 
enduring. Write for the full story. 


PTHE INSULATOR \ 





MYCALEX CORPORATION of AMERICA 


World's Largest Manufacturer of Glass-bonded Mica Products 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 
GENERAL OFFICES AND PLANT 
116 CLIFTON BOULEVARD, CLIFTON, N. J. 
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the wire and coil forms, eliminating 
stresses which may cause failure. Re- 
sistors are available in six body sizes 
with various terminal arrangements, 
including wire leads and lug terminals. 
They can be supplied with windings 
of Nichrome Karma or Mauganin 
alloys, as required. Resistance values 
up to and greater than 6 megohms 
are available. All types are non-induc- 
tively wound. Sizes vary from 42 in. 
long to 246 in. long; diameters range 
from “6 in. to %4 in. Instrument Re- 


sistors Co., 1036 Commerce  St., 
Union, N. J. 
No. 21, Re 


CERAMIC DISK CAPACITORS 
New line of ceramic disk capacitors, 
designated K-Lok, combine high ca- 
pacitance with good stability under 
extreme temperatures. The greatest 
capacitance change from 25 C_ is 
+5 ner cent from —55 C to 105 C; 
and 5 per cent, —10 per cent from 
—55 C to + 125 C. They are avail- 
able in four styles, with a capacitance 
range from 220 mmf to 4500 mmf. 
Manufacturer states capacitors will 
undergo a maximum decrease in ca- 
pacitance value of only 1 per cent per 


decade. In linear circuit operation, 
. , 
.? = F ( 
) | } 

it my ) | 
I i { Ys 
' } i f ; | 

i] | | i 4 

tf 1 | ; 
ca) ox an . 


both voltage coefficient of capacitance 
and piezoelectric effect are low. The 
life rating is up to 1000 volts d-c 
working at 85 C and 500 volts d-c 
working at 125 C. Other features are: 
power factor, | per cent max; insula- 
tion resistance, 10,000 megohms min; 
protective insulation; and _ low-loss 
phenolic dip for moisture seal and 
mechanical ruggedness. Models can 
be supplied for high-voltage ratings 
and for use in supplying various high 
voltage disk capacitors and printed 
circuits. Erie Resistor Corp., 1345 W. 
12th St., Erie, Pa. 
r No. 22, Reader 


MINIATURE SELENIUM 
RECTIFIERS 

Developed for use in electronic equip- 
ment requiring relatively low current 
drain, CR rectifiers 
consist of a number of cells assembled 
within a cylindrical aluminum tubing 
and provided with pitgtail copper 


series selenium 
























CEN? 


TAIT, 
Ne 


Don’t be afraid 
Me i ee 


Package Design 


fous Regan SRE eS 


BRADLEY 


has a rigid plastic box for 
your product 
















Series 300 
Ad x 44%'' x 14° 
(assorted compartments) 


»%'' diam. x 5/8" deep 


Industrial manufacturers, especially of 
components, are utilizing our boxes for 
packaging. We have over 500 rigid 
polystyrene boxes available FROM 
STOCK MOLDS, or we will design a box 
to meet your specific requiremenis. 


Send for illustrated catalog, showing 


box dimensions . . . you’re cordiaily in- 
vited to visit our new factory and 
showrooms when in Chicago. 


World’s Largest Assortment 
of Rigid Plastic Boxes 


BRADLEY 


Pf INDUSTRIES 
1650-58 North Damen Ave 


Chicago 47. Ill 


7 


ELECTRICAL MANUFACTURING 


ate 


PU han 


vin 


sid * legen : 





A Dependable Service for Over 50 Years 


Sleeve bearings in a wide variety of designs and 
sizes; cast bronze bushings; rolled split-type 
bushings; bimetal rolled bushings; washers; spacer 
tubes; precision bronze parts and bronze bars. 


FEDERAL-MOGUL CORPORATION 11063 Shoemaker + Detroit 13, Michigan 


FapeRal 





NOVEMBER 1953 209 





es, 
w 
as”. 
/ Sf 
Wi, 
a 


yo 
a” 
rr 
i 
4, 
» 


PA ee ee eet tT a ew] 
CHICAGO: 205 W. Wacker Drive - Phone: Franklin 2-3889 
NEW YORK: 501 Madison Avenue + Phone: Plaza 5-8665 








leads for wiring into crowded spaces. 
The smallest unit, Type CR-15, is 0.5 
in. in diam and 0.6 in. long, while the 
largest unit has a diameter of 0.75 


SEND FOR in and is 0.6 in. long. Rectifiers 


are rated for maximum inputs of 130 

BULLETIN and 160 volts rms for operation into 

a capacitive load. For example, Type 

C-349 CR-28 is rated for a maximum of 

160 volts input and will deliver ap- 

proximately 170 volts d-c at 20 ma 

with a capacitive filter. International 

Rectifier Corp., 1521 East Grand Ave., 
El Segundo, Calif. 

No. 23, Reader Inquiry Facility, page 261 









EFFICIENCY to 87% % 
POWER FACTOR 95% ° 
RATINGS to 250 KW 


EL SEGUNDO 
CALIFORNIA 







LARGEST 
SUPPLIERS 
OF INDUSTRIAL 
POWER 
RECTIFIERS 


ROTARY CAM LIMIT SWITCH 


To meet the specific needs of mechan- 
ical press automation devices, a ro- 
tary cam limit switch permits  split- 
second timing of control circuits 
during operation of the equipment. 
By permitting external adjustment 
during operation of the equipment 
press, switch simplifies the synchro- 
nizing to the press cycle of inde- 
pendently powered press auxiliaries, 
since the press can be stroked while 
individual switches are being ad- 
justed. Fine adjustment of each switch 
is simply made by setting a thumb- 





screw on the outside of the housing. 
The large diameter swept by the cam 
faces offers an added factor of ad- 
justment sensitivity. At the point of 
adjustment of the thumbscrew, 1 deg 
is equivalent to about % in. of adjust- 
ment. Double break snap switches are 
used for added safety and to permit 
more accurate timing at the moment 
of contact. Circuits may be wired so 
that the “make” and “break” can be 
timed independently, enabling the cir- 
cuit to be controlled to be closed from 
a fraction of a second to nearly a 
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BRISTOL'S MULTIPLE-SPLINE SOCKET SET SCREWS 


give far greater HOLD! 
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POWER 


The splining principle is recognized 
by design engineers as the most 
effective means of transmitting ro- 
tary power. That’s why it’s used in 
propeller hubs, drive shafts and 
automobile axles. In Bristol’s Mul- 
tiple-Spline Socket Set Screws, this 
design results in strength and hold- 
ing power unequalled by any other 
screw. 

Here are some of the features of 
Bristol's Multiple-Spline set screws 
that make them the choice of de- 
sign, production and maintenance 
men everywhere... 


e greater holding power, permit- 
ting use of fewer, smaller screws 


e easier, faster, and tighter setting 


e ability to withstand severe shock 
and vibration 


eno rounding-out, splitting or 
breaking under internal wrench- 
ing 

e tamper-proof 


There’s no delivery problem with 
Bristol’s Multiple-Spline Socket Set 
Screws, either. In sizes ranging 
from No. 2 wire size to % inch, all 
of Bristol’s screws are precision- 
made to conform to Class 8 fit. 
Write today for your free copy 
of Bristol’s 40-page catalog on 


socket screws. 
A.3.6 















complete press cycle—and at any jn. 
terval in the press stroke. Switch 
operates equally well in either direc. 
tion of rotation. Two sizes of rotary 
cam limit switches are available. The 
smaller holds un to 12 cams, the 
larger up to 22 cams. An optional] 
built-in zero speed switch is available 
that will ston the equipment in case 
of mechanical failure of the drive to 
the switch. Card holders on the hous- 
ing identify each cam circuit. Danh 
Machine Specialties, Inc., 2100 South 
Laramie Ave., Chicago 50. 
e No. 24, Re« 


























































DUAL FILAMENT 
TRANSFORMERS 


Two new models of filament  trans- 
formers have been developed for 
industrial electronic applications. Each 
supplies filament power for two rec- 
tifiers tubes normally operated under 





“TEFLON INSULATED” means conditions of high voltage to ground 
higher performance, greater depend- or between tubes. They supply fila- 
ability, _r danger of breakage in ment power for tubes used in large 


induction heating units, dielectric 
heating units and other equipment. 


CRYSTAL SOCKETS : Each unit is compound-filled and 
Chemelec Electronic Components offer specifically designed and insulated to 


all the advantages of this outstanding 
insulating material. Surface resistivity 
3.5 x 101% ohms. Loss factor less than 
0.0005. Dielectric constant 2.0 (60 
cycles to 30,000 megacycles). Service- 
able at —110° F. to 500° F. Won’t 
carbonize under arcing. Zero water 
absorption by ASTM Test. Unaffected 
by extreme humidity. Won’t DC plate. 
Chemically inert, non-gassing, immune withstand a maximum d-c operating 

to corrosive atmospheres, fungus, oil, voltage of 12 kv and 17.5 kv, respec- 
solvents. Non-flammable, tough, resili- tively. Available in two sizes, 100 va 


: ‘ and 200 va, 115 volt primary, dual 
ent, withstands and absorbs mechani- 5-volt filament supply, they are 


assembly or service. 











cal and thermal! shock and vibration. equipped with insulating bushings 
STAND-OFF INSULATORS and tube sockets applicable to the 
es §8§=6Write for Catalogs: Miniature Tube tube type — the transformer : 
ok 3 ee Ss to serve. The 100-va size is equippec 
ie Ase) ed onl as ee with tube sockets for use with tube 
: : is wis Type 575A. The 200-va_ size is 
No. CS-441; Stand-off Insulators, No. equipped with tube sockets for Type 
TE-401; Feed Through Insulators and 869B. Lindberg Engineering Co., 
Terminals, No. CF-400. Transformer Div., 2450 West Hub- 
bard St., Chicago 12. 
FEED THROUGH INSULATORS No. 25, Re 









AND TERMINALS 


SYNCHROS 
tt tee St Synchro transmitters and control 


PRODUCTS VR RSE, transformers with maximum error 
STATES NEW JERSEY limits of 7 min are available with a 


GASK a pereee diameter of 1.062 in. and 1*%s2 in. 
Representatives in Princtips long. Models for either 26-volt or 115- 
COMPANY ce diet Oe cae ili ag volt, 400-cycle excitation can be ob- 


tained. Housings are made of stain- 
less steel; a high-temperature-resistant 
thermosetting plastics material is used 
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the answer 
to most interval 
timing=control problems 


MANUAL SET TIMERS « Series RS 


Compact, rugged construction handles high load without auxiliary 
relay. Heavy-duty, snap-action contacts maintain continuous pres- 
sure and wiping action. 18” color-coded leads facilitate wire con- 
nections. 20-amp. rating—completely enclosed—2¥2" dia., 342" 
length — easy-setting knob — elapsed-time indication. Time-cycle 
ranges, 15 min. to 12 hrs., dial calibration, 15 sec. to 15 min. 115-volt 
AC current, 60, 50, or 25 cycles. Complete information in Bulletin #59 


INSTANTANEOUS RESET TIMERS « Series PAB 


For process control in industry. Have automatic reset, time-setting 
adjustmént, large numerals. Extremely accurate. Built to stand hard 
usage. Timing range 1/10 sec. to 5 sec. in 1/10-sec. steps (PAB-3S)— 
to 2 min. to 3 hrs.in 2-min. steps (PAB-3H). Complete information in 
Bulletin +58 


AUTOMATIC RESET TIMERS « Series P and M 


Series P have AC input line cord, built-in actuating start button, 
receptacles for plug-in remote-control and load circuits. Time cycle, 
15-sec. to S-min., dial calibration, % sec. to 5 sec. 115 or 220 volt AC, 
90 or 60 cycles. 

Series M is similar to Series P, but start button cannot operate 
from remote position. Receptacle for plug-in load circuit. 60-sec. time 
cycle, calibrated in seconds. Complete information in Bulletin #68 


SIGNALING TIMERS « Series S 


Command eye andear attention when time intervalis completed. Auto- 
matically closes or opens circuit at end of elapsed time, and operates 
buzzers, bells, or lights at remote stations. 5’’x5'’x3", readily attached 
to wall, panel, or switch box. 115 to 230 volts AC, 25, 50, or 60 
cycles. Slow-speed, self-starting motor. Pure silver contacts. Interval 
range, 1 min. to 3 hrs., dial calibrated, 1 sec. to 5 min. Complete 
information in Bulletin +98 


Manufacturers of these and other timers and controls for Industry: 
AUTOMATIC RE-CYCLING TIMERS * TIME-DELAY TIMERS * RUNNING TIME 
METERS ¢ INTERVAL TIMERS, 
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SIGNALING 
TIMER 
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a eee 8) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry j 131 OGDEN STREET, NEWARK 4, N. J. 
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to impregnate the stator windings. 
Design also permits a straight-through 
bore of the stator to provide for max- 
imum concentricity between the stator 
and rotor. Tolerances between the 
stator and rotor, is said to be ap- 
proximately 0.0015 in. Kearfott Co., 
Inc., Little Falls, N. J. 

ircle No. 26, Reader Inquir 





AN AN WN POLARIZED D-C RELAY 

RRR RRB Ultra-sensitive d-c relay is hermet- 
: ——_-: aoe ically sealed and is available with 
either octal plug or solder terminals. 
Enclosure is 1% x 2%6 in. Standard 
contact configuration is SPDT, null- 
seeking; form C and latch-in types are 
also available. Sensitivity of null- 
seeking types range from 50 micro- 
watts to 100 milliwatts. Relay has 








THE BIG ONE 


This Pilot Light Assembly was first 
made to accommodate the S-11 lamp and 
was intended for use in the cabs of great 
diesel locomotives. 


THE LITTLE ONE 


| ACTUAL SIZE 


Cot. #613529-211 





The miniaturization program on defense | \ been tested for over 2,000,000 opera- 
products required the development of this Sian aot. Goes coatbiien.. Mane 
sub-miniature light. It is used on communication - . ’ . 9 gy .dditi rs 
equipment and aircraft. Midget flanged base | ©O-cycle contact load. In addition to 
bulbs to fit are rated 1.3, 6, 12, and 28 volts. | aircraft servomechanism applications, 





it can be used as a plate current relay 
in electronic circuits. A current-gen- 
erating-type photocell will provide 

| sufficient power to operate the relay 

| directly, without use of amplifier. 
Weight is 10 oz. Barber-Colman Co., 
1403 Rock St., Rockford, IIl. 


MT) ACTUAL size | 
Cot. #8-1930-621 


Dialco HAS THE COMPLETE LINE 
of INDICATOR and PANEL LIGHTS 


Zmples to suit your own special conditions fom 
Core and requirements will be sent promptly i! 











and without cost. Just outline your fea ey | Circle No. 27, Reader Inquiry Facility, page 261 
needs. Let our engineering department [ee tee 
assist in selecting the right lamp 
and the best pilot light for YOU. ‘ems’ | | MINIATURE DELAY RELAYS 
| 
Write for the Dialco Hermetically sealed delay relays are 
HANDBOOK of PILOT LIGHTS oar available in a miniature T6% bulb | 
with a 9 pin base. Tubes can be 
. . a supplied for all standard heater volt- 
Foremost Manufacturer of Pilot Lights ~ ic teielinn Gh00 Sad 108 
DIALIGHT CORPORATION . volts. Delays available range from 2 
| to 90 sec. Wattage consumed by the 
60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 


heater is approximately 2 watts. Con- 


214 ELECTRICAL MANUFACTURING 

















small size ? 
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HY-METS® 


High Temperature Metallized Paper Capacitors 





: Answer several of your capacitor and assembly 
problems with one quick stroke. Specify ASTRON 
Hy-Mets—for long life in high temperature operation. 
Now you can have the subminiature size of 
metallized paper capacitors for high temperature 
operation without derating. 

Ctl Ae Mah eM Pde Ol) 
solid impregnant—to eliminate possibility of any oil or 
impregnant leakage from —55C° to + 125°C. Hy-Mets 
offer high insulation resistance, longer life, lower 
Thema emote Mc) itll Ah Cae Ce 
operating conditions. ASTRON Hy-Mets are the 
subminiature for the biggest job. 

PATI] MRA Lat-th ae Mle MUL LU) elated Lele ce 
and JAN case styles for voltage applications up to 600 

Volts DC in a wide range of capacitance values. 





ETALITE 


ere) 

















Cs 


u 


Write for Bulletin AB-19 on Hy-Mets, giving complete data on 
Pate Pe hae Tutt Me tata ks 
characteristics and test specifications. 


Astron manufactures a complete line of dry electrolytic, metallized paper, 
plastic molded and subminiature paper capacitors, and standard and 


subminiature RF interference filters for every radio, television and electronic use. 


DEPEND ON— INSIST ON 
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©RD MOUNTINGS--- 


Control Vibration 
in PORTER-CABLE’S 


The unique Lord application illustrated above accommodates 
controlled orbital motion of the sanding head in the Porter-Cable 
#106 Finishing Sander. “Lord Bonded-Rubber Mountings”, 
Porter-Cable reports, “outlast any mountings previously used 
because of the excellent bond between rubber and metal” and 
thus contribute much to the efficient operation of this popular 
Porter-Cable unit. You may have a similar problem to solve 
in the products you manufacture. Your request for information 
is invited. We will be pleased to consult with you on the appli- 
cation to your products of Lord Vibration and Shock Control 
Mountings and Bonded-Rubber parts. 


DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
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tact rating is 2 amp a-c at 115 volts. 
Relay is ambient-compensated for 
temperatures from —50 to 70 C. They 
are not affected by altitude and their 
construction enables them to with- 
stand vibrations. Amperite Co., Inc., 
561 Broadway, New York 12, N. Y. 
e No. 28, Re ry | ty, page 2¢ 


CONTACT MATERIAL 


New precious metal contact material 
is laminated in ingot form through 
heat and pressure and then cold 
rolled to required dimensions. Desig- 
nated Raised-Lay, material consists of 
one or more ingots of precious metal 
bonded to a base metal. The base 
metal in strip form and the contacts 
in the form of a ridge or bar can 
be laminated into any strip width or 
thickness. The contacts can be bonded 
in single, double, or double-double 
combinations. The wearing surfaces of 
the material are rolled to required 
tempers to give them long service life. 
Contacts made from this material may 
be blanked or formed around the in- 
gots. Among its applications is its use 
in a line of a-c motor starters. D. E. 
Makepeace Co., Pine and Dunham 
Sts., Attleboro, Mass. 
No. 29, Reader Inquiry Fa 


FLARELESS FITTING 


Fittings in various shapes from % to 


2 in. are available made of steel, brass, 


233 South Third Street 413 Fidelity Union 72S Widener Building 410 West First Street : : a 
aluminum and_ stainless steel. They 


Life Building 


DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO 
311 Curtis Building 280 Madison Avenue 520N. Michigan Ave. Rm. 811, Hanna Bldg. 


LORD MANUFACTURING COMPANY °* ERIE, PA. 


headquarters for 


LORD VIBRATION CONTROL 
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As a leading manufacturer of portable 
tketric tools, PET is closely associated 
wih motor parts performance and re- 
quirements. PET engineers are con- 
stantly faced with the demands of proper 
application of motor parts. The out- 
standing performance of PET Motor 
Parts in PET power tools is ample evi- 
dence of the ruggedness of PET design 
and construction. 

This is a plus-service you get in PET 
Universal Motor Parts—the test of long 
use in our Own products. So when you 
specify PET Motor Parts in your prod- 
uct, you can depend on getting the qual- 
y on which PET stakes its own reputa- 
ion, 

PET’s large engineering staff and ex- 
tensive production facilities assure ample 
gineering service and the economies of 


large-scale production and testing. Get 
the details on PET parts—mail the cou- 
pon at right. 


Sizes and Features 


Sizes from approximately 1 /20th to 1 hp. nominal 
rating. Standard laminations are AU, BU, and 
KU. Others available. 


Field Cores can be accurately ground to plus 
.000, minus .002 inch, or closer tolerances where 
required. 


Field Coils completely assembled and taped be- 
fore dipping and baking, for better insulation, 
greater strength, better protection against moisture. 


Armatures double dipped and baked for high 
mechanical strength and protection against oil 
and moisture. 


Commutators diamond turned to insure precise 
concentricity. 


Dynamically Balanced: each armature is dy- 
namically balanced to assure long brush wear 
and freedom from vibration. 


MOTOR DIVISION © PORTABLE ELECTRIC TOOLS, INC. 


200 West 83rd Street, Chicago 20, Illinois MAIL 
Phone HUdson 8-1500 THIS 
Makers of the famous PET Power Tools COUPON 


User -Tests Prove Endurance 
tf PET Universal Motor Parts 





Bulletin contains details of PET facilities, design and construc- 
tion of PET parts, and sizes, ratings, and dimensions. With this 
we'll send you PET’s Application Data Sheet, outlining the most 
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CHARACTERISTIC CURVES 
MODEL 556 DRILL 


SOEs, 
i Riparian > 


STALLED TORQUE 
365 FLLBS@© 
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Typical Performance Curve of PET Universal 
motor used in a 12-inch drill. We can supply 
PET parts with a variety of characteristics 
that will best meet your product's operating 
conditions. 


important considerations in the application of 
motor parts. 


Motor Division, Portable Electric Tools, Inc. —™-! 
200 West 83rd Street, Chicago 20, Illinois 


Please send me PET Motor Parts Bulletin ar 
application data sheet—no obligation. 


Name 





Title 





Company. 





Address. 





State. 








City. 
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METAL 
ACTUATING 


BUTTON METAL 
SWITCH 


CASING 


SILICONE, 
NEOPRENE, 
or VINYL 
CASING 


SINE CURVE 
SNAP-ACTION 
ELEMENT 


Normally 
Closed 
STATIONARY Normally 
CONTACT Open 


STATIONARY 
CONTACT 


Features complete sealing from effects of 
water, dirt and oils ® Vibration resistant up to 
240 g's © No resonance up to 7000 C.P.S. ¢ 
Will take 2000 ft. Ibs. shock test © Rated 10 
amperes resistive 28 V. D.C. or 115 A.C. @ 
Actuators made to fit individual requirements 
@ Silicone, neoprene or vinyl molded cases ® 


\ I) 


Wire leads from 6 inches to 48 inches optional 


RODUCTS - INC. 


e HARRISON * NEW JERSEY 


Le a wld Y EPPA OA OT A fez | 


can be used with heavy or thin wall 
tubing. They are said to hold twice 
all tube bursting pressures up to 
50,000 psi, depending on size fitting 
used and exceed performance re- 
quired by JIC hydraulic standards and 
AN-F-47 and MIL-F-5506-A To as- 
semble, tube is inserted in fitting 
and tightened with wrench. Fitting 
may be reused by simple replacing 
sleeve. Aircraft Fitting Co., 1400 E, 
30th St., Cleveland 14, Ohio. 

e No. 30, Ré t 


CABINET COMPONENTS 

Widney-Dorlec cabinet systems, im- 
ported from England, consists of a 
series of prefabricated, die-cast cor- 
ners, extruded sections, and other 
special parts, which fit together to 
form cabinets for electronic equip- 


ment and other uses. Also available, 
and integrated into the system, are 
an extensive group of telescopic 
mountings and hardware. Cabinets of 
any size can be made from main 
frame sections and die-cast corners 
bolted together to form a framework 
in which metal or plastic panels can 
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BUILT-IN SOLA REGULATED POWER TRANSFORMER 





The photograph above shows a complete Type No. 5 
three channel Transmitted Carrier Telephone Ter- 
minal made by Kellogg (an Associate of International 
Telephone and Telegraph Corp.) The Sola Constant 
Voltage Transformer is a standard component of 
the power supply chassis at the top of the rack. 


BUILD-IN AUTOMATIC VOLTAGE STABILIZATION WITH COMPLETE 


loans et ee mi 
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eS — 1 Assures Positive Signalling 


and Protects Components 


ON KELLOGG NO. 5 TRANSMITTED 
CARRIER TELEPHONE SYSTEM 


Low voltages cause disconnects and false signalling on telephone 
carrier systems. Abnormally high voltages can result in damage 


to components and premature filament failure of electronic tubes, 


The Kellogg Switchboard and Supply Company provides depend- 
able performance, positive signalling and satisfactory transmis- 
sion by building in a Sola Constant Voltage Transformer as an 
integral component of their system's power supply. The custom 
Sola unit they employed automatically maintains voltage con- 


stant within 3% with line voltage variations from 95 to 125 volts. 


Like Kellogg Switchboard, you can assure reliable performance 
of your electronic equipment. Make sure of the proper input 
voltage with a Sola Constant Voltage Transformer. Any reason- 
able combination of plate and filament voltages can be provided 
to meet your specifications. 


Sola stabilizers are static magnetic regulators . .. regulation is 
continuous and automatic... response time is 1.5 cycles or less. 


There are no moving parts, no tubes, no manual adjustments. 
The cost is reasonable. Regulation within +1% with line voltage 
fluctuations as great as 30% can be provided. Your inquiry will 
receive prompt attention, 


CATALOG 
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ZINC ALLOY 


PATE TL 


fe 
GRC CAP NUT ™ 


= Die cest, not turned! 
marks and cut-off burrs; 
*-reads tapped-square with face of nut. 


7e”>9ys 
GRC SMALL TUBULAR RIV-T" 


Die cest, not headed! Closer tolerances, 
more uniform hends for qreater rivetina -f*i- 
ciency. Dia. up to 9/64”; lengths to 5/16”. 







Gac WING NUTS 
finger-grip design; easy 
brightly 


Exclusive, 
to assemble, disassemble; 
finisted, clean threads 


Free of too! 
class 2 





NEW! GRC WING SCREWS 


A steel screw combined with GRC‘s 
attractive finger-grip wing nut. 


(OE 
@ RUSTPROOF 
@ DEPENDABLE 


@ DURABLE Write Today for Sampies and Prices 


GRIES REPRODUCER CORP. 


149 Beechwood Avenue, New Rochelle, N. Y. @ Phone NEw Rochelle 3-8600 


ELeegTRAN| 


Se SAL 
aaa ye 
Reactors 
* Electronic 
Devices 
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Gries die cast zinc alloy fastenings are durable, 
rustproof . economical, too! All Gries fasten- 
ings may be used without protective finishes in 

most applications. Furnished in all commercial 
finishes when desired. Prompt delivery on standard 


sizes—specials to oder. 
r ail * 
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Dependable Designers and Custom Builders—small 


hdl ld and medium quantities—from milli- 


oF -T 131 - fe) -) (elke 
Tale lett 


watts to 50 KVA, single or polyphase. 





May We Bid On Your Requirements? 


ELECTRAN WFG. co 


1901 CLYBOURN AVENUE . CHICAGO 14, ILLINOIS 








be inserted. For large cabinets, inter- 
mediate crossbars are provided to give 
added strength and to enable mul- 
tiple units to be housed. Where re- 
quired, a square base section is avail- 
able. Adding to the flexibility of the 
system are corners which allow slop- 
ing frents of 45 deg to be erected, 
Provision can also be made for sliding 
drawer sections, rail support brackets 
are made to fit internal slide rails to 
corner castings. When these slide rails 
are provided in the main cabinet, the 
chassis and the front panel easily slide 
in and out. If desired, the chassis can 
be permanently built into the main 
framework. Framework components 
are available in three different radii: 
standard gage (radius 146 in.), small 
gage {radius ‘46 in.), and mimature 
gage (radius “%« in.). By varying the 
combination of standard, slope, or flat- 
top die-cast corners with appropriate 
crossbar and main frame sections, any 
desired size or shane of cab‘net may 
be assembled. All components are 
stocked in the United States. British 
Industries Corp., 164 Duane St.. New 
York 13, N. Y. 
No. 31, Reader ry Facility, pag 


MINIATURE GEARMOTOR 


Shaded pole induction motor with 
compact gear train, Model SP-6, meas- 
ures 434 in. x 2% in., with an overall 
length of 2 in. It is geared to produce 
an output of 6 rpm with a torque of 
20 in.-lb. It 110 volts 


onerates on 





a-c, 50-60 cycles only. Other models 
are available with ratings from | rpm 
to 1155 rpm. Applications include use 
in dispensers, vending machines and 


other equipment. General Die and 
Stamping Co., 262 Mott St., New 
York. 12. 

No. 32, R 


MINIATURE 
HYDRAULIC VALVE 


Model V10-1000 can be utilized as a 
two- or three-way valve in either the 
normally open or closed positions. 
Principle applications are for the auto- 
matic operation of single and double- 
acting hydraulic cylinders and_ for 
pilot control of large three- and four- 
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THEY’RE MADE OF BERYLCO BERYLLIUM COPPER 


When you discard a tin can, you may not 
think you're throwing away a precision 
device, but you are. All parts of a can 
must be accurately formed to within one 
ten-thousandth inch, otherwise leakage 
and spoilage will result. 


The flat and bevel gibs shown here are 
used on a bodymaker producing 12 and 
6 oz. spray cans. Twenty-six dies, each 
guided by similar Berylco gibs, turn out 
100 can bodies per minute. Tolerances are 
so critical that gib wear of less than .001"’ 
can cause trouble. Production stoppages 
pile up headaches, and thousands of 
cans can be ruined through corrosion. 


Gibs machined from Berylco #25 bar 


stock have now been employed for the 
“SPRA-TAINER” bodymaker twice as long 
as any previously used material, and 
there have been no_ shutdowns. The 
superior wear resistance of Berylco is 
due not so much to its heat-treatable 
feature—work-hardening alone is suffi- 
cient—as to its dense, less porous struc- 
ture, which reduces friction and makes 
lubrication less critical.* 


Wear resistance is only one of the many 
desirable engineering qualities of Berylco 
beryllium copper. Its unique combination 
of such properties as strength, conductiv- 
ity, elasticity and fatigue resistance has 
enabled designers to convert difficult or 


* Data supplied by Crown Can Co.(Div. C. C. & S. Co.), Phila., Pa. 


THE BERYLLIUM 


“impossible” jobs into standard produc- 
tion items. 


As the world’s largest producers, we will 
be glad to help you include beryllium 
copper in your plans for the future. For 
sample material or engineering assistance, 
call or write any of the offices below. 


VALUABLE ENGINEERING INFORMATION 
on Berylco beryllium copper is con- 
tained in a series of technical bulle- 
tins, published monthly. To receive 
your copy regularly, write on your 
business letterhead. 


TOMORROW'S PRODUCTS ARE PLANNED 
TODAY—WITH BERYLCO BERYLLIUM COPPER 


CORPORATION 


DEPT. 3-K, READING 5, PENNSYLVANIA 


“ew York © Springfield, Mass. « Rochester, N. Y. © Philadelphia » Cleveland « Dayton « Detroit « Chicago * Minneapolis * Seattle * San Francisco * Los Angeles 
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Representatives in prizcipal world-trade centers 
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Set New Records for 


gic TINE DS 
ad LONG LIFE 


UNDREDS OF THOUSANDS of Marco Motors are 
H Operating today in homes, offices and factories. 
They are working quietly in room air conditioners, 
unit heaters, office machines. You are not conscious 
of their presence but pay tribute to the quality and 
good value of the equipment that serves you. 


Back of Marco Motors is the precision engineering that 
has produced an electrical design that practically elim- 
inates AC hum. Mechanical tolerances are maintained 
constantly. Electronic balancing assures vibration free 
performance. Ingenious Bearing and lubrication system 
assure long, trouble-free life. The long experience in 
the manufacture of shaded pole motors now benefits 
many through our modern production methods. 


New type motor mount eliminates parts and labor in 
assembly of room air conditioner applications. Available 
in various heights as required by your design. 


Write for literature on 


MARCO MOTORS 


Quality Motors 


‘tailored 


Aol ae leet: eee 


ready-made price 
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way hydraulic valves. It is capable 
of handling hydraulic fluids at pres- 
sures up to 1000 psi. All internal parts 
of the valve are made of stainless 
steel; the slide mechanism has a preci- 
sion-ground piston and a bore held to 
extremely close tolerances. Additional 
specifications are: ¥% in, NPT threaded 





ports and an effective orifice diameter 
of *31 in. It is available for a wide 
range of a-c and d-c voltages. Dimen- 
sions are: 3%46 in. high and 15% in. 
diam; weight is 142 lb. Skinner Elec- 
tric Valve Div. of the Skinner Chuck 
Co., 108 Edgewood Ave., New Brit- 
ain, Conn. 
No. 33, Ré 


NEW MOTOR LINE 


Type E is a newly designed totally 
enclosed, fan-cooled motor. It is avail- 
able in ratings of % hp at 900 rpm 
to 20 hp at 3600-rpm in NEMA frame 
sizes 224 to 326 inclusive. Features 
include: rigid cast iron frames with 
integral feet; deep, integrally cast fins 
providing extra heat dissipating sur- 





face; and double-width prelubricated 
sealed ball bearings require no greas- 
‘ng or cleaning for normal life. A 
cast aluminum tan provides high ve- 
locity air over the cooling fins. This 
rapid movement of air does not per- 
mit dust, dirt or other foreign matter 
to accumulate on the motor frame. 
Its electrical characteristics are: two 
or three phase, all standard fre- 
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replaces all 


packs, wraps and compounds 





Replacing complicated and cumbersome wraps and packs. Polyken No. 822 is equally good for high or low-voltage protection. Though it 


is shown here on a low-voltage switch gear, Polyken No. 822 is the one tape that does all electrical jobs—and economically, too. 


A remarkable improvement has been made in insulat- 
ing materials. The new Polyken Tape No. 822 does 
the whole job by itself. No packs, wraps or com- 
pounds are needed. Your insulation takes only half 
as long to apply. 

You'll find No. 822 ideal for splicing, wrapping, insu- 


lating and coating wires, switches, controls, conduits, 


dozens of different uses. And No. 822 is only one of 


more than 100 Polyken Tapes made to save you time 


and money. Send in the coupon today for free samples 
and booklet! 





INDUSTRIAL TAPES 


Department of Baver & Black 
Division of The Kendall Company 


NOVEMBER 1953 


e@ Only 9 mils thick, but with a dielectric strength of 





10,000 volts. 
Polyken No. 822 is the only successfully oriented 
polyethylene tape with a pressure-sensitive adhesive. 


It’s elastic, stretches to conform to odd-shaped 
surfaces. 


Excellent corona-quenching qualities. 
Solvent-proof. 
Resists electrolytic corrosion. 


Moisture resistant. 


—— ee ee ee ce 


Street Address 


City Zone State 


Polyken, Dept. EMK, 222 West Adams St. | 
Chicago 6, Ill. | 
For specifications, samples, and further information l 
on No. 822 and other Polyken tapes, please send me I 
your FREE BOOKLET, ‘‘Tape is a Tool.” | 
Name Title - | 
Company 
| 

| 

| 

=a! 





is we O "s -_ Vi 3) ae | re) a N Oo | S 7 quencies and voltages below 600 Y. 


Motors can be supplied for vertical] 


as well as standard horizontal mount. 
ing. The Lima Electric Motor Co. 
Dept. 35, Lima, Ohio. 


rcle No. 34, Reader Inq Facilit 


HEAVY DUTY PUSHBUTTON 

Snap-action over-center toggle push- 

button consists of two 2-point units, 

each with one normally open and one 

normally closed contact; this main- 

tained-contact heavy-duty pushbutton 

is a permanently assembled unit. Al- 

though basically a 4-point unit, the 

pushbutton’s continuous and_ inter- 

rupting ampere rating is the same as 

the standard 2-point unit: 10 amp 

continuous, 50 amp maximum inter- 

rupting at 110 volts a-c and 2 amp 

maximum interrupting at 125. volts 

d-c. By making proper connections, 

se a i % ‘s 

UNDISTORTED FLIGHT DATA are recorded by this Davies Laboratories 

aircraft data recorder. Tubes, relays, and recorder mechanism are protected against 
vibration by air-damped BARRYMOUNTS. 


the pushbutton can also be used for 
3-point applications, or it can be 
used for 2-point service by applying 
one half of the unit. Positive action 
of the unit—when one button is up, 
: the other always is down—is achieved 
’ A by use of the snap-action over-center 
° ’ . ‘ — ym ’ 
70 fo SIZE REDUCTION and 50% oh Fg toggle that mechanically interlocks 
weight reduction, with no loss in per- 7 ea i aia 
formance, is achieved in this Minneapo- ' / the buttons. Pushbutton is available in 
lis-Honeywell aircraft-fuel-gage power : seven colors: green, yellow, blue, 
unit. Miniaturized air-damped BARRY- brown, gray, red, and black—and in 
MOUNTS helped: make this saving open form or in a surface-mounted 
possible, in protecting the reliability of see . . 

; sala ‘ sheet steel enclosure. Dimension of 

the unit from vibrations and shock. a : x 
pushbutton unit is approximately 3 x 
3.x 4 in. Westinghouse Electric Corp., 

P. O. Box 2099, Pittsburgh 30, Pa. 

SENSITIVE ADJUSTMENTS ARE HELD rcle No. 35, Reader Inquiry Facility, § 

when instrument and control panels are mounted on 
BARRYMOUNTS. Vibration from nearby heavy ma- 
chinery cannot shake equipment out of calibration. 
Result: insured reliability of equipment and service. 


HYDRAULIC SERVO VALVE 


Low-leakage and _self-clearing two- 


stage, four-way hydraulic servo valve 
NO SHIPPING DAMAGE, plus simpli- The wide range of Barry 


has internal mechanical feedback for 

fied packing, is Philco’s experience with pores. er a the transformati f low-level elec- 
4 a . y engineers can help you solve i¢ ansfrormation O OW-IeCVE € 

BARRY MOUNTS built a the nains ee ae ee a trical signals into controlled hydraulic 
mero eqment, Prcacemble cote, | way cn rgeoay | energy. Units sealed against mag 
shipped all over the world without damage, rectly to us. netic particles and can be operated 
thanks to this modern packaging method. without oil filters. It exerts a clearing 
Write us for details. force of un to 500 lb in the first stage 


to remove sludge, dirt or metal par- 

ticles. With a frequency response flat 

— e A & K Y =" from 0 to 150 eps, it has a linear out- 

708 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS put up to 14 hp, with no external 


leakage and a zero signal leakage of 
SALES REPRESENTATIVES IN only 60 cc per min. Power amplifica- 


tion is 5000 with pressures up to 3000 
ysi. Other specifications are: input 


Atletita Baltimore Chicego Cleveland Dallas Dayton Detroit Los Angeles Minneapolis New York 
Philadelphia Phoenix Rochester St. Lowls Son Francisco Seattle Toronto Washington 
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Use this 
assurance! 


In the critical applications 


Fe ae 


where life may depend upon a single 
thread of copper, the known quality 

of Hussey Copper has earned its 
reputation. Hussey’s controlled 

quality manufacturing methods have 
established unusually high standards 

of purity, uniformity and dependability 
that deserve your specification. 

Make sure .. . specify HUSSEY COPPER! 





Cc. G. HUSSEY & COMPANY 


(Division of Copper Range Co.) 


ROLLING MILLS AND GENERAL OFFICES 
PITTSBURGH 19, PA. 


Seven Convenient Warehouses 
®@ CHICAGO @ NEW YORK 
@ CINCINNATI @ PHILADELPHIA 
@ CLEVELAND @ PITTSBURGH 

@ ST. LOUIS 
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KELLER Air Tools 


where Extra Power is needed 










ANOTHER EXAMPLE OF 
KELLER Air Tools engineered to industry 


Running down and tightening the 
nuts which attach hinge arms to an 
automobile hood requires a nut setter 
with extra power. The Keller 16-C Nut 
Setter has an especially powerful 
motor capable of handling machine 
screw nuts up to %”. . . yet for all 


a 
ra 
its power it is light in weight and 


easy to handle. 
In the illustration above, the 16-C 


FACTS 


IN BRIEF 


ABOUT KELLER 
NUT SETTERS 


Weigh 
less 


Consume Nut Setter is provided with a 90 
less air attachment to deliver power at a more 
convenient angle. 
"ao Keller Air Tools deliver more power 
per pound — speed production and 
Reduce reduce costs. We would like to tell 
operator you more about them. 
fatigue 


i, 


Torque controlled from 
20 to 70 ft/lb 


Wide variety of han- 
dles, gearings, speeds, 
and angle attachments 


ST Til> Moly 
FREE 36-Page Booklet 


Mu Cm MC rials) 
TYP] ylite bia 





Keller Tool Company, Grand Haven, Mich. 


Please send me a free copy of your booklet ou 
Pneumatic Screw Driving and Nut Setting Tools 


Name ates tlie cteiecieaictcinll Title - 
IN i cacniatiertedemenineineniiiaen 
Address 


City — —_ ‘ ES aii ee 
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power, less than 2 watts; input cur- 
rent, 15 ma; resolution 0.03 per cent: 
and time constant, 0.001 sec. Valve 
is 1%6 x 246 x 5% in., with a volume 
of less than 18 cu in. and has a flow 
of up to 12 gpm. Weight: less than 
l% Ib. The lower flow models are 
correspondingly smaller and _ lighter, 
The life of the unit is at least 4 


million cycles. Sanders Associates, 
Inc., 137 Canal St., Nashua, N. H. 
: No. 36, Reader Inquiry Facility, page 261 


POSITION INDICATOR 

Newly improved Position Indicator is 
a small electromechanical signal gen- 
erator which accurately — transforms 
angular displacement into an _ elec- 
trical signal for measurement of any 
mechanical variable. This electrical 
signal output, in conjunction with an 
appropriate feedback system, may be 
used to contro] industrial equipment. 
It may also be used in data transmis- 
sion, analog computation, and_ the 
measurement of mechanical variables. 
The indicator has been used in in- 
dustrial equipment, as well as a 
standard military compenent for use in 
gyro instruments and computers, Fea- 
tures include a resolution to “oo deg. 


MICROSYN UNI} 


cAM Cor 
90 Et ron Por 


= Mass 
1¢-020 8) stem [ 





Construction details include a_ bal- 
anced low inertia rotor supported 
in precision bearings; there are no 
slip rings or other mechanical re- 
straints, and  electromatic — reaction 
torque is negligible. Unit has a sensi- 
tivity up to 7 volts per deg at 400 
cps. Construction assures dependable 
service, since there is only one moving 
part. Physically, the position indicator 
consists of a four-pole stator and spe- 
cially-shaped rotor, both of laminated 
high permeability magnetic _ steel, 
mounted in an attractive aluminum 






ELECTRICAL MANUFACTURING 











SCHAFFER POIDOMETERS rely on CLARK CONTROL 
for accurate feeding, weighing and conveying 
























FI CLARK Iype CY” Starters 
oe Fasc umiila. tn Conlot System 





Dependable, accurate control is essential on poidometers 
s. designed to deliver materials to machines or process 


1- operations in exactly correct amounts. 
: , 7 : Closed view of 
The Schaffer poidometer illustrated is one of four which Clark Control Cabinet 


feed clinker and gypsum in lump state to a ball mill for 
pulverization. The CLARK control panel incorporates 
controls for two motors—one operating the conveyor 
belt at a fixed travel speed, the other operating the 
hopper gate. A weighing beam actuates limit switches, 
causing controlled motor to move gates up or down, to 
keep proper weight of material flowing. 


When two or more poidometers are used for proportion- 
ing materials, controls are provided so that stoppage 
of one machine automatically stops the others to prevent 
improper proportioning. 


CLARK Type”CY” AC Motor Starters are ideal for this and 

other control applications where accuracy and depend- 

ability are requisites. The new arc-quenching principle, 

which forces the arc to move coniinually from a hot to 
| a cold spot on contact surfaces effectively reduces contact Open view of cabinet 
d wear—thus providing less down time and longer life. 





These and other important exclusive features of CLARK Type”’CY” Starters 
can improve the efficiency of your machines. Let us show you how. 


tHE CLARK CONTROLLER co. 


Uf 
NEERED ELECTRICAL CONTROL + 1146 EAST 152N0 STREET, CLEVELAND 10, OHIO 
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housing. Functionally, the unit may 
be likened to a circular differential 
transformer; or to a variable reluc- 
tance, balanced bridge signal gen- 
erator. By virtue of this balanced 
bridge construction, it compensates 
for errors that might otherwise be 
introduced by mechanical, electrical, 
and magnetic dissymmetry. Additional 
data common to all units are: Linear- 
ity, + per cent to 7 deg, +1 per 
cent to 10 deg. Residual null, will not 
exceed signal equivalent to 0.01 deg 
rotation. Static friction, 0.03  oz-in., 
nominal. Reaction torque, less thaa 
bearing friction level. Temperature 
range, 67 to 200 F. Weight is 7.3 oz. 
Doelcam Corp., Soldiers Field Rd., 
Boston 35, Mass. 

Circle No. 37, Reader Inquiry Facility, page 261, 



























SUBMINIATURE RESISTOR 

Available in values up to 175,000 
ohms, new subminiature resistor, Type 
1101 has a %-in. diam and is ™4 






P&S Super A.C. Switches are listed as 
approved by Underwriter’s Labora- 
tories, Inc. for use up to their full rated 
capacity for — 


a2 in. 
long. Resistance tolerances to +0.1 
per cent are available, with a power 


rating of 0.10 watt. The clearance 
i Fluorescent Lamp Loads. Up to 


full rated capacity at voltages from P&S 


120 to 277. Only half as many P&S SUPER A.C. SWITCHES 


Super Switches needed as compared 


with ordinary type that may be used 15 & 20 AMPERE TYPES 


only up to ¥2 rated capacity. 
SINGLE POLE, DOUBLE POLE, 
THREE WAY 


STURDY 
2 Incandescent Lamp Loads. P&S BROWN OR IVORY HANDLES 
Super A.C. Switches can be used up to 


full rated capacity. TOTALLY ENCLOSED 


4 LARGE 
e Motor Loads — P&S Super A.C. 
Switches can be used up to 277 Volts HEAD BINDING SCREWS hole is for a No. 0 screw. Special im- 


2. Inductive Loads. P&S Super A.C. 
Switches can be used up to 277 Volts 
at full rated capacity. 





at 80% of current rating of switch. pregnation for resistance to humidity, 
MAY BE MOUNTED and extremes of temperature can be 
AND WHAT’S MORE provided for industrial and military 
IN ANY POSITION applications. The Daven Co., 191 


P&S Super A.C. Switches are designed Central Ave., Newark 4, N. J. 
and manufactured to give you many BACK OR SIDE WIRING ate: 4 ; 
times the performance of ordinary snap 


type switches. 
* 


Write now for complete informa- JIC TERMINAL BOXES 
tion on this Revolutionary New 


Switch. 


A line of terminal, pull and trough 
boxes has been designed to meet JIC 
Electrical Standards for Industrial 
Machinery, specifically the require- 
ments of Par. E 4.6.7 which provides 
that wiring junction boxes shall have 
no extra conduit knockouts, shall have 


PASS & SEYMOUR, INC., SYRACUSE 9, N.Y. gasketed covers and be oil and water 


splash proof; also that mounting 


OFFICES: 71 Murray Street, New York 7, N. Y. means be external to the junction 
1229 W. Washington Blyd., Chicago 7, Ill. compartment. In the Hoffman junc- 


tion boxes the cover gasket is neo- 
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When vou mix salad oil with lubricating oil, you 
get an “explosive” mixture. At least that’s what 
one manufacturer of commercial food processing 
machinery discovered when complaints began to 
roll in from customers who didn’t relish the con- 
tamination caused by leaky gaskets. 

Investigation showed that the fiber gaskets 
then being used tended to wick, Over a period of 
time, too, they'd dry out, shrink, and then begin 
to leak. Since their replacement gaskets dried out 
also during storage, leaks were chronic. 

In a field where no leaks at all can be tolerated, 
this manufacturer had to find a sound yet eco- 
nomical answer to his problem. He got it in Arm- 
strong’s new fiber material—Accopac®. 

Months of careful field testing proved that, with 
Accopac gaskets, lubricating oil and grease stayed 
where it belonged, where it could lubricate and 
not contaminate. 

Now more than thirty different Accopac gaskets 


are used on this food processing equipment, Of 


course, replacement gaskets, too, are now made of 
Accopac because they don't deteriorate. 
Won't shrink or dry out. Accopac is a new kind 
of fiber gasket material. Its rubber latex binder 
goes into the beater before the sheets are formed. 
This patented process locks the fibers in rubber, 
makes Accopac impervious and- dimensionally 
stable, while its cork content adds compressibility. 
Today, Accopac is being used in thousands of 
applications—in gasoline engines, in pumps, air- 
craft, washing machines— wherever there’s a need 


for efficient sealing at low cost. 


FREE GASKET MANUAL. For details about Accopac 


and other gasket materials, send for free, 24-page 
manual, “Armstrong’s Gasket 1, } 
Materials.” Contains latest spec- sd 






ifications as well as data on the 
design and use of gaskets. 
Write Armstrong Cork Com- 
pany, Industrial Divi- 


sion, 7011 Ingersol St., @® 


Lancaster, Pennsylvania, “= 


ARMSTRONG’S ACCOPAC 
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CX WOVEN GLASS TAPE 


Priced to Compete 
with Cotton Tapes! 


AT LAST! ...a woven glass electrical insulat- 
ing tape developed to compete with cotton tapes in per- 
formance and price. Now, cost-conscious manufacturers of 
low temperature apparatus can gain the benefits of glass 
tape ... including resistance to moisture, dirt, and acid; 
high strength; space-saving thinness; and speedy heat con- 
duction away from “hot spots.” 


INTENDED only for Class A insulation work, 
you may be able to use .004 inch Imcor Type CX glass tape 
to replace both .005 inch and .007 inch cotton tapes for 
permanent or sacrifice work. It is designed for tying, filling, 
and wrapping of coils and conductors in motors, armatures, 
transformers, controls, and other electrical units. 


ECONOMICAL, continuous-filament glass 
yarns, which are treated to permit machine or hand wind- 
ing of the tape, are used in Imcor CX glass tapes. Standard 
widths are %, %4, 1, 1%, and 1% inches. 


PLAN NOW to test Imcor CX woven glass 
tape on a trial basis to determine its possibilities for your 
application. Ask your nearest IMC office for prices, sam- 
ples, and specifications. 
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prene and the box seams are welded 
to provide an oil and water-tight con- 
struction. Boxes are made of 14-gage 
steel except for the two smallest sizes, 
which are 16-gage. Risers and _ter- 
minal strip mounting plates are 14 
gage; mounting feet, 12 gage. Baked 
gray hammertone enamel finish resists 
rust and oil and water soaking. Ter- 
minal boxes are available in six sizes 
ranging from 4 x 4 in. by 2% in. deep 
to 14 x 12 x 5% in. In addition there 
are seven long and narrow trough 
boxes. Willis L. Trombley, Agent, 
Hoffman Engineering Corp., 3919 Joy 
Rd., Detroit 6. . 
Circle No. 39, Reader Inquiry Facility, poge 26! 


ULTRA-THIN GAGE TITANIUM 
Now available is commercially pure 
titanium, precision-rolled to very close 
tolerances and to thin gages and foils. 
for use in electrical and _ electronic 
components. Titanium is rolled in strip 
up to 8 in. wide and down to 0.0005 
in. thin; tolerances are as close as 
+0.0001 in. The strip is available in 
any quantity. Typical uses for ti- 
tanium strip include: instrument parts; 
metering equipment; capacitors and 
other applications. Industrial Div. 
American Silver Co., 36-07 Prince St., 
Flushing 54, New York. 

Circle No. 40, Reader |r ry F 


GERMANIUM DIODE 


Addition to a line of JAN diodes is 
others in 


Type IN34A. Like the 
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Two World-Famous 


Organizations Become One — and 


this 


1s what 


happens... 


Just a few years ago, National Pneumatic, the world’s 
leading producer of transit and railroad safety equip- 
ment, and Holtzer-Cabot, a pioneer and leader in the 
electrical field, became one organization. 

Manufacturing was consolidated at the big Boston 
plant of Holtzer-Cabot. Progress was swift and sure in 
both companies’ ability to serve customers even better. 


SIX DIVISIONS WERE SET UP 


Transit and Railroad «+ Industrial Activators and 
Controls * Products for National Defense * Motors * 
Telephone * Automatic Doors 


All the familiar products, plus many new ones are 
now being made under a new high efficiency. Design 
and Research Departments have grown on a full scale 
to match the increased activities of these two great com- 
panies — with some left over! 

To industry this is a new, large and dependable 


tfesource. Research, development and manufacturing 
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facilities are available for mechanical, pneumatic, hy- 
draulic, electric and electronic products either singularly 
or combined. Inquiries on present products or develop- 
ment work are welcomed. 





NATIONAL PNEUMATIC CO., INC. 
HOLTZER-CABOT 


DIVISIONS 
BOSTON 19, MASSACHUSETTS 









NEW YORK e¢ PHILADELPHIA e« CHICAGO 
SALES REPRESENTATIVES THROUGHOUT THE FREE WORLD 
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the taper reduces the possibility of 
error in connecting the diode into 
the circuit. Specifications of Type 
IN34A are: minimum forward cur. 
rent, at 1 volt, is 5 ma; maximum 


re re’ rs | R re) R 7 "4 reverse current is 30 microamp at 
5 5 y . SY —10 volts and 500 microamp at —50 
volts; average rectified current is 50 

FOR UNEXCELLED| PERFORMANCE 


ma max, Maximum reverse voltage jis 

sae 2 : : : 75; and continuous reverse operating 

Furnishing Relays that excel in performgnce is a Leach specialty. voltage is 60 volts. Radio Receptor 

Their rugged strength and smooth endurdgnce provide uniform con- Co., Inc., 251 West 19th St., New 

trol, protection and dependability. York 11, N. Y. 
. “ = No. 41, Reader ry Facility, page 26] 
No matter what your Relay applicatidh, we invite you to share . , 

our nearly four decades of experience ahd facilities as designers, 

engineers and manufacturers of a complfte line of relays. 
















































HOSE CLAMPS 

New Hoz-Fas-Ners are one-piece hose 
clamps made from special spring steel] 
and provide constant uniform tighten- 
ing action. They insure a perfect seal 
between hose and hose connection, in 





CHARACTERISTICS 


Leach Part No. 9072 Hermetically spite of hose shrinkage, expansion or 
Sealed, Screw Terminals. contraction due to age or temperature 
CONTACTS: changes. The constant spring tension 


Arrangement—4 Pole, Double 
Throw. Rating—10 amps resistive 
and inductive at 29 v d-c, 6 amps 
motor load at 29 v d-c, 10 amps 
resistive at 115 v a-c, 400 cps. 
COIL: 135 ohms, 28 v d-c. 
WEIGHT: .70 lb. 


Also available with Solder Terminals 
—Leach Part No. 9039SS. 





o— | 
ir 
Cae 
es 
> goers 
i SCHEMATIC 
| 
eliminates manual adjustment or re- 
tightening. Also, the rounded surfaces 
of the clamps do not cut into hose 
Leach Part No. 9039 Sealed material, whether rubber, plastics or 
AN Connector Mounting. fabric. Because of their special finish, 
Same Characteristics as above. they are rust-resistant. Eaton Manu- 
pete facturing Co., Reliance Div., 504 
lai aaa Charles Ave., S.E., Massillon, Ohio. 
WEIGHT es eg sa alas > 26 
.57 Ib ; 
Hermetically Sealed and RAPID-START BALLASTS 


Sealed — Midgets — Circuit 


Controls — Aircraft Relays & A constant wattage series ballast for 


Contactors — Special Purpose two 40-watt rapid start lamps is said 
— Radio & High Frequency to deliver constant light output within 
— Keying +2.5 per cent even though line volt- 


_ age varies up to 20 per cent. The 
For your specific requirements and 


for BETTER CONTROLS THROUGH 
BETTER RELAYS—Contact Leach 


LEAGH RELAY 


5915 AVALON BOULEVARD @ LOS ANGELES 3, CALIFORNIA 
Representatives in Principal Cities of U.S. and Canada 
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THOMPSON ENGINEERS PISTONS FOR. 





One of the three Cunningham racers, all of which finished in the first ten 
places in the recent Le Mans 24 hour race. Nicknamed ‘Le Requin 
Souriant’ (the smiling shark) by the French, the famed speed cars were 
equipped with special Thompson built pistons. 

Speaking of the pistons which were precision-engineered by Thompson's 
Light Metals Division, Phil Walters, driver of the C-5R which set a new 
record of 152.5 mph for one kilometer during the Le Mans race, says, 
“the pistons worked perfectly. 





You can count on 


S 


LIGHT METALS DIVISION 
2269 Ashland Road ¢ Cleveland 3, Ohio 
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AIRPLANES 
CARS 
TRUCKS 
BUSES 


TRACTORS 
...and RACING CARS 





_ special pistons precision-engineered 
for the famed Cunningham racers serve 
as an added indication of Thompson’s Light 
Metals Division versatility. 

The same manufacturing techniques and 
skills are used in producing precision-engi- 
neered pistons which work perfectly in gaso- 
line and diesel engines for passenger cars, 
trucks, tractors and buses. 

And, Thompson’s Light Metals facilities are 
not limited to piston manufacture—light, 
strong, durable metal castings are constantly 
being engineered, designed and produced 
for a wide range of customer uses. 

A background of over 50 years in research 
and manufacture of precision metal parts en- 
ables Thompson to offer aid to all forms of 
industry. Today it is producing light metal 
castings for such diversified products as air- 
craft and washing machines; buses and gar- 
bage disposers; tractors and outboard motors; 
automobiles and industrial engines. 

Regardless of your product, if you use cast- 
ings, Thompson’s creative engineers will 
gladly show you when and how you can sim- 

lify your operations and save on costs with 
Pascmonats Light Metal castings. 

For a detailed description of the Thompson 
Light Metals Division operations, send for 
your free copy of “Creative Castings’. Just 
write, On your Company stationery, to Dept. 
E3, Light Metals Division, Thompson Prod- 
ucts, Inc., 2269 Ashland Road, Cleveland 3, O. 
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manufacturer states that tests show 
the lumen output of the lamps aver- 
age 100 per cent. Low watt loss and 
high efficiency provide cool opera- 
tion. The series circuit permits com. 


| ‘ 
\ pletely safe lamp changing while the 
Cane e current is on, and the use of conven- 
eRe electronic instruments by tional bi-pin lamp holders. There are 
no starters to wire. Weight of ballast 
is approximately 6 lb, 10 oz. Overall 
length is 9%46 in, width 3% in., and 
height 2% in. Jefferson Electric Co.. 
| Bellwood, Ill. 
e No. 43, Reader Inquiry Facility 
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Ty" SQUARE WIRE-WRAP TOOLS 


Solderless wire-wrap connections, 
ATERTIG HT made with appropriate terminal and 
ee | Wire sizes, and wrapped with the 
| Keller Wire-Wrap Tool are both me- 

Pane. Vieter chanically and electrically equal to 
soldered connections. Eliminating cost 
of soldering, the tool is also capable 
of making wrap and solder connec- 
tions. In this use the tool replaces 
the hand method of wrapping wire on 
the terminal, prior to soldering. This 





TEL | 
G7 | 
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ACTUAL SIZE 





@ From 1 to 100,000—DeJUR's 142” meter sets 
the world's standard for quality, performance 





@ Available with 2 terminal designs | method can be used on most existing 

1. Solder terminal terminal designs. Wire-Wrap__ tools 

2. 4-40 screw terminal may be obtained consisting of an air 

@ Multi-color or luminescent scales and pointers tool with straight handle, an air tool 

| with pistol grip handle, and an elec- 

trical tool with pistol grip handle. 

Wrapping bits are available for han- 

dling 20-, 22-, or 24-gage wire on 

terminals having a maximum width 

| of \%e in., *2 in., or % in. Wire-Wrap 

| Div., Keller Tool Co., 1333 Fulton St., 
Grand Haven, Mich. 


ircle No. 44, Reader Inquiry Facility, page 261 


@ Proven external pivot D’Arsonval movement 


@ From prototype to production on short notice 





For further information write DeJUR-Amsco 
Corporation, Dept. EMM-11, 45-01 Northern 
Boulevard, Long Island City 1, New York 

feeding stroke, it prevents uneven cut- 


SOS A , s uneven ¢ 
ting lengths, damaged wire insulation, 


POTENTIOMETERS * CONNECTORS + METERS | excessive wear of the machine. It is 
DevUR-AMSCO CORPORATION | designed to operate automatically at 
FO a speed synchronized with the setting 
gh ieee: St hl cela oh og of the machine itself. The AE-266 is 
equipped with a scale that can be set 





AUTOMATIC WIRE 
PREFEEDER 

Heavy-duty prefeeder, model AE- 
266, has been designed for use with 
large or heavy reels. Features are that, 
during the pull of the wire on the 
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h Liké other leaders in the appliance industry, Norge knows that the 
real cost of a component is its cost per year of service life. So low first 
cost must always be tempered with ‘‘how long will it last?”’ 

By this yardstick Soreng measures well indeed. Whether you need 
solenoids or switches, timers or terminals, valve coils or other appliance 
controls, you'll find our products deliver highest quality at lowest pro- 
duction costs. 

, To be sure your new model will be competitive, write for specific informa- 
tion or, better still, consult with our engineers at the earliest design stage. 
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¢ PRODUCTS CORPORATION 9551 SORENG AVENUE, SCHILLER PARK, ILL. 





Plants: Schiller Park, Ill., Fremont, O., Spring Valley, Ill. 
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DOUBLE RELIEF-VALVE 
PROTECTION — fully ad- 
justable to any desired 
pressure. 







FULL-ACCESS DOOR — 
swings wide on double 
hinges, yet seats and seals 


securely. 
EYE-LEVEL INDICATORS— 


easy-to-read pressure, tem- 
perature and altitude 
gauge for recording test 
data. 


FULL-AUTOMATIC CON- 
TROLS — entire explosion 
cycle, power, circulation, 
mixture spark and valve- 
lock action, can be con- 
ducted automatically for 
any pre-set explosion pro- 
cedure. 


* 





SEE sic 


R.E.M.A. 
show 
NOV. 9-13 
BOOTH 219 



























PRESSURE-PROOF VIEW- POSITIVE EVACUATION \ COMPLETELY SAFE VALVE 

ING PORT—for completely AND CIRCULATION— SYSTEM—bleed valve for 

safe checking of explosive oversize pump, circulation re-admitting air — positive 

action. and compression system shut-off valves for locking- 
for maximum efficiency in pressure, sealing off 
and protection. chamber. 


... the difference is Design 


In this 4’ dia., 5’ long chamber you can’ designing and building precision atmo- 
simulate the effects of explosions of any spheric test equipment. Others include all 
predetermined magnitude at pressures of types of environmental testing chambers 
any altitude up to 80,000 feet— with — temperature, humidity, altitude, vac- 
maximum accuracy and safety. Usingcom- uum—to provide manufacturers and re- 
mercial Butane gas, thoroughly mixed by _ searchers with the most accurate means of 
blower and fan, explosions are ignited by predetermining behavior of products 
a timed spark and controlled (manually under unusual conditions. From the early 
cr automatically) throughout all phases days of this now-vital industry, Tenney 
of synthesis and evacuation. For maxi- engineers have been meeting and solving 
mum versatility and action tests, two 100- problems with challenging specifications 
point terminal pads (25 amps., 230 volts by imaginative design and skilled crafts- 
AC), as well as two hand turning shafts, manship. It is this background that as- 
are provided as accessories. sures more and more product planners 

Control of explosions is only one of the that the right way to right results is to 
many phases of Tenney’s experience in “talk it over with Tenney.” 


For further information and bulletin write: 









Dept. AA26 Avenue B, 
Newark 5, N. J. 






@ sss 





Plants: Newark, N. J., Union, N. J., and Baltimore, Md. 
Los Angeles Representative: GEORGE THORSON & CO. 


Engineers and Manufacturers of Automatic Environmental Test Equipment 














to the same reading as the scale on 
the stripping machine. To compensate 
for the slight difference in payout 
speed of wire in relation to the strip- 
ping machine, the prefeeder is inter- 
mittently speeded up and _ slowed 
down by solenoid action. The pre- 
feeder is powered by a ¥%-hp single- 
phase, 110-volt motor. Since the coil 
in the starter for the prefeeder is 
energized from the control circuit of 
the ;machine, the prefeeder will al- 
ways start and stop with the stripping 
machine. Artos Engineering Co., 2741 
S. 28th St., Milwaukee 46, Wis. 

Circle No. 45, Reader Inquiry Facility, page 2¢ 


CABLE STRIPPER 


Automatic Speedcraft stripper will 
handle all sizes of insulated cable. It 
will strip insulation regardless of 
whether the insulation is imbedded 
into the strands or is free stripping, 
without damaging or cutting strands. 
The machine will go through its se- 





quence of operations in less than 4 
sec and can strip as many as 6 cable 
ends per min (including picking up 
cable, inserting in machine, stripping 
and taking out of the machine). When 
the cable is inserted into the machine 
and hits the end stop a Micro switch 
starts the operation which consists of 
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On land ...on sea...in the air... 


“THERE’S NO JOB TOO TOUGH 
FOR A HUSKY !” 


F or quality, efficiency and reliability- select the relay you need 
from Price Electric's complete line. A few of the many types available 
appear on this page..A more complete listing and description is 
available in our Relay Reference Folder, which will be sent free 
upon request. 


HUSKY relays consistently meet the most exacting specifications and ici Set ici acai teh ite aaa 
perform their required functions under the most adverse conditions. COIL VOLTAGE: 26.5 Volts DC 


SERIES 5002-A RELAY 





(AN 3320-1) 
(MIL-R-6106) 





IINIATURE HERMETICALLY 
SEALED RELAY 


BALANCED 
ARMATURE RELAY 






(AN 3304-1) 


(MIL-R-6106) SERIES 700 HS 


SERIES 1200 





CONTACTS: D.P.D.T. rated 3 Amps at 115 
Volts AC, non-inductive 


COIL VOLTAGE: 3 to 48 Volts DC 
MAXIMUM COIL RESISTANCE: 8500 Ohms 


AVAILABLE HERMETICALLY SEALED 


CONTACTS: D.P.D.T. rated 2 amps at 115 
Volts AC, non-inductive. 


COIL VOLTAGE: 6 to 48 Volts DC 
MAXIMUM COIL RESISTANCE: 4000 Ohms. 


HERMETICALLY SEALED ONLY 



















CONTACTS: 4 from C, rated 3 Amps at 115 
Volts AC, non-inductive. 


COIL VOLTAGE: 26.5 Volts DC 





HIGH 


ROTARY STEPPER VOLTAGE RELAY 


SERIES 8400 s STYLE 6394 STYLE 6225 





CONTACTS: S.P.D.T. rated at 100 Watts (RF 
Load) 


COIL VOLTAGE: AC—115 or 230 Volts 
DC—6 to 110 Volts 


CONTACTS: S.P.D.T. (Double-Break) rated iv 
Amps at 115 Volts AC, Cold 
Break, non-inductive 


COIL VOLTAGE: 115 Volts, 60 cycles AC or 
130 Volts, 60 cycles AC 


Drives up to 3 wafer switches (or other load 
not exceeding 8!/2 inch-ounces total torque) 


CONTACTS: Make-Break or Break-Make 
COIL VOLTAGE: 6 to 115 Volts DC 





SYNCHRONOUS 


LONG FRAME 


TELEPHONE-TYPE RELAY MIDGET RELAY 


TIME DELAY RELAY 


SERIES 4050 





SERIES 5900 SERIES 1050 
CONTACTS: 12 form A or 8 form C, rated CONTACTS: S.P.N.O. to D.P.D.T. rated 10 
3 Amps at 115 Volts AC, non- Amps at 115 Volts AC, non- CONTACTS: D.P.D.T, rated 2 Amps at 115 
inductive inductive Volts AC, non-inductive 
MAXIMUM COIL RESISTANCE: 20,000 Ohms. COIL VOLTAGE: 115 Volts, 60 cycle AC or COIL VOLTAGE: 3 to 24 Volts DC 
COIL VOLTAGE: 6 to 230 volts DC or AC. 230 Volts, 60 cycle AC. MAXIMUM COIL RESISTANCE: 8500 Ohms. 


TIME INTERVALS (FIXED): 15 sec. tolS min. 
AVAILABLE HERMETICALLY SEALED 





AVAILABLE HERMETICALLY SEALED AVAILABLE HERMETICALLY SEALED 


RELAY REFERENCE FOLDER A handy guide to Husky relays, containing photographs and specifications of 42 types. 
Helps you find the type relay you need in just a few seconds. Address request to Dept. NS. 
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CHURCH & 2ND, FREDERICK, MARYLAND 
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gripping the cable in a vise, stripping 
the cable by knives and pulling off 
the insulation from the end of the 
wire. On cable with a l'2 in. OD. 
the operation takes less than 4 sec, 
The machine can be quickly changed 
from one size of cable to another, 
Two types of operating heads are fur- 
nished, depending upon the amount 
| of changing required from one size 
| to another. Vise jaws come off in- 
stantly, knives for various sizes of 
cable are pre-mounted; they, too, 
come off quickly without use of tools, 
Where many sizes of cable are 
stripped, changes of knives can be 
made in 10 to 15 sec and a vise 
with interlocking jaws that fits all ~ 


FILL THESE BLANKS Se age: coterie ge 1 
IN YOUR PROCESS CONTROL DESIGN land 12. Ohio. 
= WITH ELINCO SUB-FRACTIONAL HP rcle Ne. 46, R 
io MOTORS AND GENERATORS 



















































SOCKET SADDLE NUTS 


Elinco designs and manufactures hundreds of variations of sub-fractional New U-nut slips on the saddles of 
horsepower motors and generators to solve accurately nearly ANY specific octal, loctal and miniature sockets. By 
problem, virtually ANY specific requirement, called for by your elec - its use a No. 4-40 mounting screw may 
trical design be driven in without separately hold- 


; : ; ry ; ing the nut. Applications include: 
All Elinco units feature instrument-type precision ball bearings. Every 


unit is balanced dynamically . . . individually tested under specific load 
conditions. Step-by-step inspection of every component — assures high- 
precision on ALL parts. 


Hundreds of variations on over 650 basic models of sub-fractional horse- 
power motors and generators engineered by ELINCO in the last 25 years 
are at your disposal. We may have already solved your individual prob- 
lem. If not, we will design and manufacture motors and generators in- 
corporating any physical or electrical variation to meet your specific 
requirements. 





Take advantage of Elinco’s experience to solve your special instrument 
problem. See ELINCO for high precision sub-fractional horsepower 
motors and generators, 1/3000 to 1/6 hp, built to your specifications. 


But please outline your problem in full detail when requesting quotations 
or literature. We have NO STOCK UNITS, no “mass-produced” units 
available. Every ELINCO unit is a precision instrument, specially de- 
signed and manufactured to meet your highest specific performance 


standards. | 
ELINCO MOTORS & GENERATORS | 

Ratings: | 1/3000 to 1/6 hp | 

Types: § AC e DC e Universal ¢ Servo e Self-Synchronous | 


Phases: § One-, two-, and three-phase bottom-mounted sockets, and the 
mounting of turret-type sockets. The 
nut is of the helical depression type 
and _ provides _ self-locking action. 





Windings: § Compound e Shunt e Series ¢ Separately Excited 
Split Field e Permanent Magnet e Reluctance 
Hysteresis ¢ Stabilized Hysteresis 


: Vector Electronic Co., 3352 San Fer- 
: Induction ¢ Drag Cup nando Rd., Los Angeles 65, Calif. 
Services: § 1-, 2-, 3-, & 5-speed synchronous Circle No. 47, Reader Inquiry Facility, page 261 
AC Dynamically Braked e Adjustable Speed 
Governor Controlled e Self-Starting e Reversible HIGH-FREQUENCY 
Frames: § Available in all regular frame types or ALTERNATORS 
specially designed according to specifications Extremely high power outputs for 
Over A Quarter Century Of Precision Manufacturing | their size and weight are said to char- 


acterize a new line of miniaturized 


| high-frequency alternators. Operating 
, k IN ELECTRIC INDICATOR COMPANY, INC. | shaft cade are os 10,000 3 50,000 


rpm. The present line includes units 
——_— “38 105 Camp Avenue e Springdale e Conn. — with power output ratings from 125 
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Partial Assemblies Courtesy of Hermetic Seal Products Co. 


Now 4 D-H Special Alloys Cover 
Most Glass-to-Metal Sealing Needs 


From a single source, the Driver-Harris Company, you can now obtain metal 
alloys to meet your glass-to-metal sealing needs for both hard and soft glass. 


NEW ALLOY THERLO* This cobalt, nickel iron alloy, DRIVER-HARRIS 52 ALLOY contains 50% nickel. It pro- 
possesses ideal properties for sealing hard or thermal vides a slightly higher coefficient of expansion than the 
shock resistant glass. It matches such commercial hard D-H 142 alloy and seals successfully with 0120 glass. 
glasses as Corning 7052 and 7040 in expansivity from ; 

80°C to the annealing point, It produces a permanent DRIVER-HARRIS 146 ALLOY contains 467% nickel. It 
vacuum-tight seal with simple oxidation procedure and offers special expansion properties, which permit seals 
resists attack by mercury. Readily machined and fab- with ceramic coated materials as shown above. 
ricated, it can be welded, soldered or brazed. 


DRIVER-HARRIS 142 ALLOY contains 42% nickel. This 
is the standard alloy for sealing into sealed beam auto 
lamps using Corning 776 glass. Used with a borated 
copper coating, it is the accepted seal for incandescent 
lamps and radio tubes and matches 8160 glass. 


Manufactured to the same high standards that have 
made Driver-Harris the leader in special purpose al- 
loys for more than 40 years, these alloys are available 
as rod, wire, strip, sheet foil— and in special shapes. 
They enable you to meet your specific sealing needs 
from a single source — so why not consult us today. 


Driver-Harris Company 
HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco 
In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario. 


*T.M. Reg. 
U. S. Pat. Off. 
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AUGAT'S 
NEW 
TWO TENSION 
LOOP 
CLAMPS 









Augat two-tension loop clamps are the long- 
sought answer for uses where tube base tolerances 
vary up to .040. The bands of these sturdy clamps 
are made of Beryllium copper, heat treated to retain 
original tension and nickel plated to withstand 
a 96 hour salt spray test with no adverse effect. 





















The remaining parts of Augat’s two-tension loop 
clamps are made of 18% nickel silver. 


Write today for catalog and samples. 


AUGAT BROS. INC. 


31 PERRY AVENUE + ATTLEBORO, MASS. 





This new TYPE TS MINIATURE RELAY is only 17/2” x 
2349” x 1%)” in size for a 4 P.D.T. combination, yet 
mighty in performance. Withstands 25G shock and 
10G vibration (up to 55 CPS). Ambient temperature 
range, —55°C to +85°C. Open type with contact 
combinations up to 6-pole, single throw. Hermetic- 
ally sealed type with contacts up to 4-pole double 
throw. Send for details now! 
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ALTERNATOR 3 
go0o0o~’ 350w Im 
+” 28000RPM 


to 4000 watts at 5000 cps. Illustrated 
is Model A-17 which has a 2%2 in. 
diam, weighs 22 oz, and delivers 350 
watts output at 5000 cycles with a 
shaft speed of 25,000 rpm. D & R, 
Ltd., 402 E. Gutierrez St., Santa Bar- 
bara, Calif. 
ircle No. 48, Re 


SPRING WINDER 

Di-Acro hand operated spring winder 
is a self-contained unit with a spe- 
cial cut-off lever incorporated right 
into the machine. It can be used to 
form individual springs, or to replace 
automatic machines on short runs. 
Any gage wire, with a diameter up to 
4g in. can be wound into extension, 
compression, torsion and flat springs. 
Round, flat, square or rectangular 
shaped stock can be formed into 
springs of any length. Design elimi- 





nates inaccuracy in adjusting the ten- 
sion control each time a spring is 
wound through the use of a tension 
clamp mechanism. Because of this, 
it is claimed, duplicate springs can 
be wound so that they test with the 
same load capacity. Through use of 
a special cam-lock device, no time 
is wasted in trying to thread wire 
into a difficult holding or locking 
mechanism, the company says. O’Neil- 
Irwin Mfg. Co., 309 Eighth Ave., 
Lake City, Minn, 

rcle No. 49, Reader Inquiry Facility, page 26] 
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‘|. lonesome part of 
bce! popular product 


4 2% 
* , rE: ; The hermetic motor—that part of a modern 
\ ‘ © refrigerating unit the user never sees—is truly 
ye “out of sight... out of mind.” 
SS t 
. eS. And the fact that it is forgotten is a tribute 























to its design and construction, for here is a 
motor that must always function perfectly, 
while permanently enclosed in the compres- 
sor housing. The “forgotten” part of many of 
America’s most dependable refrigeration units 


is an Emerson-Electric Hermetic Motor. 


You can benefit from Emerson-Electric’s 63 
years of experience in motor design and 
production. If you have requirements in rat- 
ings from 1/20 to 5 h.p., or hermetic motors 
from ¥ to 20 h.p., Emerson-Electric has the 
right motor for you. Your inquiry is invited. 


THE EMERSON ELECTRIC MFG., CO. 


St. Lovis 21, Mo. 


Write for these 
Emerson-Electric 
Motor Data Bulletins 













Manufacturers requiring motors 

1/20 to 5 h.p. can profitably use these reference 
guides. Specifications, construction and 

performance data are included for these motors: 














C 450-A Capacitor-Start [© 450-E Oil-Burner 
C 450-B Split-Phase 1 450-F Jet Pump 
(2 450-C Integral 1) 450-G Blower 

(—) 450-D Fan-Duty 
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Put dependable MOSINEE 


Remember . . . MOSINEE means more than 
paper’ in the field of electronics and electrical 
products. MOSINEE stands for FIBRES that have scientif- 


ically controlled electrical, chemical and physical properties, 


ee 


to perform specific functions . fibres of dependable 
technical uniformity vital to your quality standards and 
production requirements. 
MOSINEE fibres can be made to your specifications, with 
® good dielectric strength, high tensile or tear strength ... 
® specified pH for maximum-minimum acidity or alkalinity ... 


® accurate caliper or density... 


® proper impregnation characteristics for resin, wax or other 
substances... 


® proper characteristics for plastics operations and parts ... 


®@ uniform softness, stiffness, flexibility, toughness... or other 
vital technical characteristics. 


MOSINEE has its sources of quality forest fibres, practical 
experience, laboratory facilities, and scientific production con- 
trols to create and produce the type of fibres your operations 
require. Contact MOSINEE. 


MOSINEE PAPER MILLS COMPANY 


MOSINEE, WISCONSIN 
Dept. EM 


MOSINEE 


makes fibres work for industry 


A 
3 
4 





Laboratory 


and 
Engineering 
Equipment 


24-POINT RECORDERS 


Capable of gathering operating data 
from 24 separate sources and logging 
the collective information on a single 
circular chart, both the Tektolog and 
a-c Self Balancer Recorder provide 
accurate measurement for a variety of 
industrial and laboratory applications, 
Tracking is achieved through a six- 
point turret pen mechanism which 
traces six different colors. By divid- 
ing the standard circular chart into 
four equal parts and _ installing a 
mechanism to rotate the chart period- 
ically, data from six separate points 
can be logged in each quarter. 
Through an adjustable timing mecha- 
nism, each quarter may be made to 


correspond to an 8-hr, 24-hr, or 7-day 
period. The full print cycle for re- 
cording information from all 24 points 
is accomplished in 2 min. The Tek- 
tolog is accurate to +1 per cent of 
full scale. It features a sensitivity of 
0.1 per cent and a reproducibility of 
+0.5 per cent. Inputs range upwards 
from 50 microamp d-c and 20 mv d-c. 
It can be used to record almost any 
electrical quantity, or can be used in 
two-wire d-c telemetering system. 
The a-c Self-Balancer, which is ex- 
tremely accurate, can be used for 
resistance bulb thermometry, conduc- 
tivity measurements, displacement 
with strain gages and linear differen- 
tial transformers, capacity measuring 
devices, three-wire telemetering de- 
vices, and other applications. In the 


ELECTRICAL MANUFACTURING 





Capacity: Whether you require a few hun- 
dred or several million parts, the right size 
and type of equipment is available. Ample 


kilns available plus many special kilns, in- 
cluding controlled atmosphere kilns, provide 
firing capacity at optimum temperature. 


offers you these advantages for Low Cost: The right equipment for every 


job means that your work is produced at the 
* ypeccell A. most favorable cost. 
ye ° | 


—aez 


Variety of Materials: In AlSiMag you 
have the widest choice of materials so that 
you can most readily match the material to 
your requirements. Latest property chart 
sent on request. 


ANOTHER 
NEW PLANT 


(the third in three years) 
AGAIN PERMITS 
y QUICK 
DELIVERIES! 












9; . ' Engineering Assistance: If you wil 

ig ? , send details of your requirements, our engi- 

sees 4 neers will submit suggestions on materia 

and design to assist you in finding the mos! ' 

Se Da efficient and economical solution to your 
requirement. 


S2ND YEAR OF CERAMIC LEADERSHIP 

A SUBSIDIARY OF MINNESOTA MINING 
ee ee ee) nee 
CHATTANOOGA 5, TENNESSEE 


OFFICES: METROPOLITAN AREA: 671 Broad St.,Newark,N.J., Mitchell 2-8159 © SYRACUSE,N. Y.: 330 Arlington Ave., Phone 76-5068 © CLEVELAND: 5012€uclid Ave.,Room 2007, Express 1-6685 
NEW ENGLAND: 1374 Mass. Ave., Cambridge, Mass., Kirkland 7-4498 © PHILADELPHIA: 1649 N. Broad St., Stevenson 4-2823 © ST. LOUIS: 1123 CIO ME Co eC bb 
CHICAGO: 228 N. LaSalle St., Central 6-1721 © SOUTHWEST: John A. Green Co., 6815 Oriole Dr., Dallas 9, Dixon 9918 © LOS ANGELES: 5603 N. Huntington Dr., Capital 1-9114 



































































































Stop coastin 
WITH STEARNS MAGNETIC DISC BRAKES 





@ Brake action visible through indicator. 
Manual release without removing 
housing. 


@ Single nut for torque 
adjustment. 


@ Single stud for wear 
adjustment. 


g, Add output 


Stopping motors quickly is a key factor in cutting waste time ~— 
stepping up production. Here are a few important reasons why 
America’s leading motor makers and design engineers specify 
Stearns magnetic disc brakes to do this profit-building job. 


Wide size range — for 1/6 to 100-hp. motors, AC or DC. 1.5 to 
7500 lb. ft. torque range. 


Three housing types — Explosion proof, dust and water-tight, 
standard. Vertical or horizontal, motor or floor mounting. 


Easy adjustment — Single nut for torque, single stud for lining 
wear. Long-lasting lining easily replaced. 


Fast stop — Positive spring action on pressure plates. 
Quick release — instantaneous magnetic pull — eliminates drag. 


All major motor manufacturers either supply Stearns brakes 


exclusively or furnish on request. Send coupon for full details. 
1060 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS 4 MAGNETS 


STEARNS MAGNETIC, INC. ae en seer. 





Peseuseseeeeeee ee ee Se See eee eee ee eeeeeeeeeeuaeaen, 
: Please send literature on Stearns Magnetic Disc Brakes to ; 
: eh alana cao ' 
' * 
' ' 
. NN cscs ies sceaincinaaiaiis ; 
1 t 
a City Zone NN ick re ete ' 
Faw 








field of thermometry, a range of 
nickel bulbs and fittings are available 
for use with temperatures up to 600 
F. Various standard calibration ranges 
are supplied, and, by the use of 
platinum and other high temperature 
bulbs, the range of temperature cov- 
ered can be greatly extended. The 
basic accuracy, hysteresis and linear- 
ity of the recorder on all standard 
temperature ranges with the nickel 
bulb supplied is better than +05 
per cent. Other features include quick 
range and measurement change by re- 
placement of a separate unit bridge 
element box with four inputs. These 
provide the means for adding, aver- 


aging, or subtracting. Robertshaw 
Fulton Controls Co., Robertshaw 
Thermostat Div., Youngwood, Pa. 

Circle No. 50, Reader Inquiry Facility e 26) 


HIGH VOLTAGE 
PORTABLE TESTER 


Addition to a line of high-voltage 
testing instruments extends the range 
of output voltage available to 10,000 
volts a-c. Designated the Hypot 
Junior Model No. 422, this instrument 
features visual indication of electrical 
leakage and breakdown, continuously 
variable voltage output from 0-10,000 
volts, and a kilovolt meter connected 





directly across the high voltage output 
for accurate indication to per 
cent of full scale regardless of load 
characteristics. Input is 115 volts 60 
cycle a-c. Dimensions are 11% in. x 
8¥2 in. x 10 in. Weight is approxi- 
mately 25 lb. Associated Research, 
Inc., 3794 W. Belmont Ave., Chicago 
18, Il. 

Circle No. 51, Reade nquiry Facility 
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TRANSFORMER 

Line voltage adjuster and _ isolation 
transformer, Type LVAQ2, is designed 
for electric and electronic applica- 
tions requiring line voltage adjust- 
ment, line isolation, low voltage, or 
high current output. Completely en- 
closed in an enameled metai case, the 
LVA2 provides: infinitely variable a-c 
line adjustment from 90 to 130 volts 
at 1200 watts; infinitely variable low 
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@ Whether your require- 
ments are for military use or 
civilian use—whether you 
need an ammunition box or 
a washing machine tub—if 
it’s stamped or drawn, 
chances are that G. P. & F. 
can do it for you. When you think of 
G. P.& F., think of over 1000 skilled 
people... 15 acres of production facili- 
ored ties...293 deep draw and stamping 


presses...97 welding machines...a 
complete tool and die department. 


METAL STAMPINGS FOR EVERY TYPE 
OF CIVILIAN AND MILITARY USE 







Radio Case 
“U.S. Signal Corps 






Washing Machine Tub 
Automobile Oil Pan Seamless Drawn— 
Hot Dip Lead Coated Vitreous Enameled 









Commercial Tub and Cover for 
Fruit Juicer Portable Dishwasher 


Seamless Drawn Aluminum—_ 
Baked Enamel Finish 


erial Delivery Container Deep Fat Fryer Pot 
U.S. Air Force Stainless and Carbon Steel 














cale Platter 


; Stainless Steel 
Vitreous Enameled 


STAMPING «© DRAWING «© FORMING 


WELDING e SPRAY FINISHING 
VITREOUS ENAMELING e FIBER GLASS 


GEUDER, PAESCHKE & FREY CO., 1525 W. St. Paul Ave., Milwaukee 1, Wis. 
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A Product of 
Electrocraft, 
Mukwonago, Wis. 


CHACE 


THERMOSTATIC 
BIMETAL 
CONTROLS 
THE 


FLY-KING 


FLY-KING, a constant, automatic instrument of destruction 
of flying insects, operates at a pre-determined temperature, pro- 
tects 15,000 to 20,000 cu. ft. in safety and is guaranteed, because 
of a strip of Chace Thermostatic Bimetal which controls the unit. 

In operation, the Fly-King is attached to a wall, up out of the 
way; its ceramic warming cup filled with a chemical supplied with 
the unit. A red pilot light indicates when the Fly-King is plugged 
in. It may be left connected permanently, the Chace Thermo- 
static Bimetal forever guarding its efficient and safe operation 

Under the warming cup at the top of the unit is a clay heat- 
ing brick (1) in which is mounted a strip of Chace Thermostatic 
Bimetal (2) and a contact spring (3). Each is fitted with an elec- 
trical contact point. An adjustment screw (4) controls the position 
of the spring. Current flows through the bimetal strip and spring 
when the contact points are closed, heating the element brick. 
As the temperature rises, the bimetal bends away from the 
spring. At 234 degrees F. the contacts separate and break the 
circuit. The bimetal then cools, the contacts close and the cycle 
is repeated to control accurately the evaporation of the chemical 
at its most effective rate. 

So accurate is the control, that a quarter turn of the adjust- 
ing screw will change the maximum temperature limit 5 degrees. 


This illustrates but one of the many applications of Chace 
Thermostatic Bimetal as the actuating element for temperature 
responsive devices: If your product responds to, indicates or con- 
trols temperature changes, actuate it with dependable Chace 
Thermostatic Bimetal. Write today for our 32-page booklet, 
“Successful Applications of Chace Thermostatic Bimetal,” con- 
taining condensed engineering data. 


W.M. CHACE CO. 
AVS Vel UCT ett AVIClE 


1608 BEARD AVE., DETROIT 9, MICH. 








voltage from 0 to 40 volts a-c at 4 
amp'in the isolation position, or 0 to 
40 volts a-c at 8 amp in the common 
line position; and an_ isolated, in- 
finitely variable 90 to 130 volt a-c 
output at 350 watts. Case dimensions 
are 7% in. high x 5% in. deep x 6% 


in. wide. The LVA2 is supplied with 
a 6-ft, rubber-covered line cord, and 
has been designed to operate from a 
line voltage of 115 volts, +10 volts, 
60 cycles, single phase. P. R. Mallory 
& Co., Inc., 3029 E. Washington St., 
Indianapolis, Ind. 

Circle No. 52, Reader 


MOBILE TEST STAND 


Model A-301 Equipmobile was de- 
signed to house heavy electronic test 
equipment. Its construction enables 
loads in excess of 500 lb to be moved 
about. The cart is provided with 
upper and lower compartment; each 
accessible through large drop doors. 
These doors, the rack panels, and 
compartment shelves may be easily 
removed if desired. Two steel shelves, 
22% x 16 in. form the upper and 
lower compartments. Also, special 
rack panel adaptors can be supplied, 
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.. solved by a AJAK"BLUM 


ventilation system! 


Above—Battery of RCA Sealex ma- 
chines. Heat from glass sealing and 
evacuating operations on electron tubes 
is collected by aluminum hoods and 
duct-work. 





One of a number of batteries of roof-top 


fans which exhaust vented air from 10 
identical systems. 


KURK“ Slum 


VENTILATION SYSTEMS 
248 
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Heat can be a headache in any plant. 
Here, in a midwestern tube plant of 
RCA Victor Division, Radio Corpora- 
tion of America, glass sealing and 
forming operations require plenty of 
heat of all kinds—induced, radiated 
and reflected. For the comfort and 
safety of workers, this heat must be 
removed but without disturbing the 


play of gas flames on delicate parts. 


KIRK & BLUM engineers achieved a 
fine balance, removing 2,900,000 
BTU hourly and without distorting the 


delicate flames. 


Whatever your ventilation problem... 
heat, dust or fumes... the best, lowest- 
cost solution involves more than a fan, 
motor and some lengths of duct. Put 
it up to experts... The Kirk & Blum 
Mfg. Co., 3122 Forrer Ave., Cin- 
cinnati 9, Ohio. 









which will allow 19 in. rack-mounted 
equipment to be fastened directly intg 
the cart. The adaptors have standard’ 
mounting hole spacing, tapped for! 
10-32 screws. Model A-301 — jg 
equipped with two fixed and _ two 
swivel casters ,which can be locked. 
One panel is supplied with facilities 
for installation of an a-c outlet box. 
The heavy-duty folding door supports 
permit door to be used as an auxiliary 
shelf when opened. Various acces- 
sories are available. Units are shipped 
in knock-down form. Esco Manufac- 
turing Co., P. O. Box 344, Sumit, II]. 
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SPRING TESTER 


Addition to line of spring testing in- 
strument tests loads and deflections of 
medium size compression and exten- 
sion springs and has a capacity up to 
100 lb. The 15 in. diam dial meets 
the National Bureau of Standards Re- 
quirements for accuracy of % of | 


per cent. Instrument has been used 
at the rate of 400 to 600 tests per hr. 
Springs with diameters up to 4 in. 
and lengths to 12 in. can be tested. 
Steel rules measure lengths in 32nds 
and 64ths on one side and lengths in 
decimals on the reverse side. The 


Carlson Co., 277 Broadway, New 
York 7. 
Circle No. 54, Reader Inquiry Facility, page 26] 


Postcards are provided on page 261 as a 
convenience to the reader in obtaining 
additional data from the supplier on any 
items reviewed in New Components and 
Materials. 
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. . . and the Service that keeps them strong 


Yes, we have a powerful combination—Peerless Pre- 
mium-Built Electric Motors backed up by Peerless 
Sales-Service men...men who are accustomed to sizing 
up a job and then acting with conviction and author- 


ity...men who enjoy the complete confidence of their 
company because of their ability. 


Peerless’ customers enjoy the “family feeling” that pre- 
vails between company, salesman and customer. In 
fact, Peerless becomes a part of your company, held 
there by Peerless knowledge and skill—a relationship 
made strong by the responsibility and service of our 
representatives. 
















THERE’S MORE 
THAN METAL 


CE 


o* 


When you buy 
Gibson Electrical Contacts 
for your electrical and elec- 
tronic applications, you get: 


m= QUALITY & EXPERIENCE 


Gibson quality is unexcelled in this 
field. It is based on 21 years de- 
voted exclusively to the design and 
manufacture of contacts. 


=> ENGINEERING FLEXIBILITY 


Gibson produces electrical contacts 
in acomplete line of materials, forms 
and assemblies—enabling Gibson 
to supply economical and practical 
contacts to meet virtually any need. 
Because of the completeness of our 
line, Gibson engineering service is 
unbiased. It is available to you at 
no obligation. 


mp SERVICE & INGENUITY 


Gibson introduced to the industry 
Ductile Gibsiloys—contacts made 
from metal powders—to answer cus- 
tomer demand for combinations of 
physical and electrical properties 
not possible with alloyed contact 
materials. The versatility of Gib- 
siloys is ready to meet your needs. 


Let us cooperate to solve your prob- 
lems. To fore more about Ductile 
and other Gibsiloy contacts, write 
for Gibson Catalog C-520. It con- 
tains much heipéel engineering in- 
formation. 


CONTACT GIBSON FIRST 


s * 
[ ibsilo u 
ELECTRICAL CONTACTS 


a i ee 
PO MAAR CY 


Gipson Etectric COMPANY 


8349 Frankstown Avenue 
Pittsburgh 21, Pa. 
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Literature for the Asking 


To obtain copies of these publications 
circle item number on postcard in Reader 
Inquiry Facility, page 261. 


OIL-IMMERSED STARTERS-— 
Twenty photographs and cutaway 
drawings are used to illustrate a line 
of oil-immersed motor starters de- 
signed for low-voltage motors. Ad- 
vantages and special features of the 
various types of starters are described 
and the availability of models for use 
in hazardous-gas locations covered. 
Also included are ratings and dimen- 
sional diagrams. General Electric Co. 
Circle No. 55, Reader Inquiry Facility, page 261 


PHENOLIC PLASTICS — Compre- 
hensive information about the prop- 
erties, test values, molding techniques 
and applications of phenolics is pre- 
sented in a 20-page booklet. Data is 
offered of interest to product design- 
ers and molders about the five types 
of Bakelite phenolic molding com- 
pounds: general-purpose; improved 
impact; heat-resistant; low-loss elec- 
trical; and special-purpose _ types. 
More than 30 illustrations show typ- 
ical products made of these materials. 
A property data table lists the values 
of each type when subjected to me- 
chanical, electrical and miscellaneous 
tests. Other useful information is also 
included. Bakelite Co., Div. of Union 
Carbide and Carbon Corp. 
Circle No. 56, Reader Inquiry Facilit 


y, page 26] 


SPEED REDUCERS, GEARS—New 
catalog describes a line of stocked 
gears, speed reducers, sprockets and 
chains, couplings and special gears. 
Spiral-bound for easy reference, cata- 
log also contains 40 pages of useful 
tables and engineering information re- 
lating to power transmission. Grant 
Gear Works, Inc. 


Circle No. 57, Reader Inquiry Facility, page 261 


CELLULOSE ACETATE—New 34- 
page edition of a basic technical bul- 
letin discusses the properties and uses 
of cellulose acetate. The section de- 
voted to discussions of properties has 
been revised to include data on new 
solvents, plasticizers and resins used 
with cellulose acetate. The section on 
uses also includes new information. 
Pointed out is the fact that cellulose 
acetate flake, when mixed with suit- 
able plasticizers, can be converted 
through various molding and casting 
methods into plastics components. 





Other topics discussed include classi- 
fication of cellulose acetate plastics, 
manufacture, and color and clarity, A 
table of contents is provided. Hercules 
Powder Co. 

Circle No. 58, Read nquiry Factlit 


ELECTRONIC CONTROLLERS — 
Sixteen-page bulletin describes the 
latest additions to the Series 500 line 
of instruments available for indicating 
or recording controllers for tempera- 
ture, pressure, flow, liquid level, hu- 
midity, and time program. Also pre- 
sented are data on the frequency- 
modulated principle of operation of 
the control unit, as well as informa- 
tion on available combinations of in- 
dicators, recording pens and control 
units. The Bristol Co. 
No. 59, Reader Inquiry F 


RELAYS — Technical information is 
provided in a 10-page illustrated set 
of data sheets on an extensive line of 
plug-mounted relays. Included are 
quick-acting and slow-operating d-c 
types, as well as slow-releasing and 
slow-acting d-c models. Specifications 
are also provided for quick-acting a-c 
models. Helpful reference material, 
such topics as operating voltage, con- 
tacts, contact spring capacity, operat- 
ing time range, and many other per- 
tinent facts are also presented. Auto- 
matic Electric Sales Corp. 

Circle No. 60, Reader Inquiry Facility, page 261. 


METAL SURFACE TREATING — 
Methods of treating metal surfaces 
with peroxygen compounds are de- 
scribed in Bulletin No. 51, which su- 
persedes earlier Bulletin No. 39. Types 
of surface treatments discussed in- 
clude bright dips, cleaning solutions, 
passivation and inhibitors. Metals in- 
volved in the tests were steel, alumi- 
num, brass, silver and stainless steel. 
Applications and solution formulas 
are given. Buffalo Electro-Chemical 
Co., Inc. 


Circle No. 61, Reader Inquiry Facility, 


HIGH VACUUM PUMPS-—Revised 
edition of the 36-page catalog, “Mi- 
crovac Pumps for High Vacuum,” in- 
cludes valuable tables of formulas, 
constants, and conversions frequently 
used in vacuum processing. Principles 
of operation are given and specifica- 
tions on available types are provided. 
Included are pumps for vacuum im- 
pregnation of electrical components 
and processing equipment designed 


Circle lity 261 
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page 261. 
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IMPROVE PRODUCTS and BOOST SALES 


Two views of the Louthan Labora- 
tory, (above), where experienced 
technicians employ modern preci- 
sion equipment for the control of 
factors that contribute to high quality. 


LOUTHAN CONTROLS insure highest quality electrical porcelains 





The LOUTHAN MANUFACTURING COMPANY 


A Subsidiary of Harbison- Walker Refractories Co. 
EAST LIVERPOOL, OHIO 


NOVEMBER 1953 


vy Better quality through control of 
RAW MATERIAL! 


Vv Better quality through control of 
CLAY PREPARATION! 


v¥ Better quality through control of 
DRY PRESSING! 


/ Better quality through control of 
DRYING! 


v Better quality through control of 
FIRING! 


Vv Better quality through control of 
INSPECTION! 


District Representative 
H. B. ZEIGER—369 Lexington Ave., New York, 17, N. Y. 








he Many 
ifelusine advantages 


Receptacles 
& plugs 






Pressurized & Waterproof 
RECEPTACLES 

Cable Type 
RECEPTACLE & PLUG 
Waterproof CAPS 
Special Waterproof 
CABLE CLAMPS 

High Voltage 

New catalog literature is available on RECEPTACLE & PLUG 
the outstanding, quality line of Capacitor Type 
RECEPTACLES & PLUGS offered RECEPTACLE 

by HHB. 

These quality parts are available in 

standard sizes, and arrangements, 

(AN types), or special arrangements to 

meet your requirements. 


We invite inquiries . . . no obligations. 









TOLEDO 4, GHIO 


Sales Engineers in All Principal Cities 
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for metallizing both metal and plastics 
parts, evacuation of high altitude test- 
ing chambers, and other applications, 
Useful engineering data are provided 
on pump selection, typical problems 
and their solutions, and performance 
analysis. F. J. Stokes Machine Co, 
Circle No. 62, Reader Inquiry Facility, page 26] 
ELECTRONIC COMPONENTS — 
Recently released 1954 general cata- 
log contains 268 pages listing over 
20,000 items. Stressed are electronic 
components and equipment for indus- 
trial research and other applications, 
Data are presented on standard and 
special-purpose electronic tubes, test 
instruments, voltage stabilizers, trans- 
formers, resistors, and capacitors. Also 
covered are printed-circuit compo- 
nents, transistors, power supplies, and 
many other units. An index is pro- 
vided. Allied Radio Corp. 

Circle No. 63, Reader Inquiry Facility, page 261. 
PUSHBUTTON ASSEMBLY — Data 
sheet 77 presents information on the 
1PB4 pushbutton assembly for panel 
mounting. Measuring only 1'%pe in. 
from the plunger button to the switch 
terminals, it uses the smallest sub- 
miniature switch in the Micro line. 
Complete assembly weighs only 0.04 
Ib. Characteristics, contact arrange- 
ment, available variations, and other 
information are covered. Illustrations 
and dimensional drawings are includ- 
ed. Micro, Div. of Minneapolis-Hon- 
eywell Regulator Co. 


rcle No. 64, Reader Inq lity, page 261 


ROLLER CHAIN SPROCKET 
WHEELS-Sixteen-page catalog pre- 
sents in tabular form data on a new 
line of stocked roller chain sprocket 
wheels with taper bushings. Emphasis 
is placed on the completeness of the 
line which includes wheels for the 
three most popular sizes of double- 
width chain. Design features are 
stressed, ease of mounting is pointed 
out, and fact that sprocket wheel 
teeth are precision-cut to ASA stand- 
ards is emphasized. Link-Belt Co. 
No. 65, Reader Inquiry Facility, page 


e 261 


LOST-WAX PROCESS CASTINGS— 
Available materials, possible _ toler- 
ances, and other advantages of pre- 
cision casting by the lost wax method 
is discussed in an 8-page illustrated 
brochure. Illustrated are typical ex- 
amples of ferrous and non-ferrous 
metal castings produced by this meth- 
od. Data are also presented on pre- 
cision bronze wear strips. Cadmet Co. 
Circle No. 66, Reader Inquiry Facility, page 261 
ANNIVERSARY BOOKLET- Entitled 
“Fifty Years—A Start for the Future,” 
24-page booklet briefly sketches the 
company’s history and then concen- 
trates on the people, products and 
progress of the firm’s present and fu- 
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In selecting Tapping 

Screws it is extremely 

important to understand 

the proper application for 

each type. The type you 
require will vary with: 1. kind 

of material; 2. thickness of ma- 
terial; 3..the method used for mak- 
ing the hole.* 


Lamson Tapping Screws are precision 
made to insure maximum holding even 
in thin material, fully hardened to 
permit the thread crests to form clean 
threads without stripping hole. They 
are available in a wide range of head 
and point combinations. A “special” 
Tapping Screw to many ... is a“‘stock” 
item at Lamson. 


*This information is available in tabular form for 
easy reference. Write for as many copies as you need. 


PLUG NUTS 


Ideal for blind 
or hard-to-reach 
places. 


PIPE PLUGS 


Forged steel, 
heat-treated. 


“1035” 
SET SCREWS 


Cup point type, 
hardened and 
heat-treated. 
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The LAMSON & SESSIONS Co. 


1971 West 85th St. @ Cleveland 2, Ohio 
Plants at Cleveland and Kent, Ohio « Birmingham « Chicago 


FOR PROMPT DELIVERY AND HELPFUL SERVICE, 
ORDER FROM YOUR LAMSON DISTRIBUTOR 


eS 
MACHINE 
SCREWS 
Clutch and 


Phillips recessed 
head screws. 


PLACE BOLTS 


With ‘‘Built-in”’ 

spring action 

for positive 
locking. 


LOCK NUTS 


Economical, 

vibration proof. 

Can be used 
repeatedly. 


Including U 
bolts, eye bolts, 
hook bolts, etc. 


SEMS 


Pre-assembled 
lockwashers on 
tapping and 
machine screws. 
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Write for complete information and performance data. 


Excellence in Electronics 


RAYTHEON 


MANUFACTURING COMPANY 


EQUIPMENT SALES DIVISION 
DEPT. 6270 EM WALTHAM 54, MASSACHUSETTS 
DISTRICT OFFICES: BOSTON, NEW YORK, CLEVELAND, CHICAGO, NEW 
ORLEANS, LOS ANGELES (WILMINGTON), SAN FRANCISCO, SEATTLE 
INTERNATIONAL DIVISION: 19 RECTOR ST., NEW YORK CITY 


RAYTHEON PRODUCTS INCLUDE: WELDPOWER?* welders; 
Voltage stabilizers (regulators); Transformers; Sonic oscil- 
lators for laboratory research; Standard control knobs; 
Electronic calculators and computers; Radio, television, sub- 
miniature and special purpose tubes and other electronic 
equipment. *Reg. U.S. Pat. Off. 
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OUTPUT 


WIDER VARIATIONS 
IN LINE VOLTAGE WITH 


VOLTAGE 
STABILIZERS 


Smooth output from a wider range of input voltages is just 
one example of how Raytheon Voltage Stabilizers excel 
other makes. All models are compact, light in weight 


and ruggedly built with no moving parts to wear out. 


Standard catalog models rated from 15 to 2000 watts are 
carried in stock by 125 parts distributors from coast to 
coast...can be built into your equipment or used as an 
accessory. Custom engineered units from 5 to 10,000 watts 


are also available for military or commercial applications. 


TESTS PROVE 
10 POINTS OF 
RAYTHEON 
SUPERIORITY 


Deliver accurateAC voltage 
within +42% 

Stabilize output with more 
precision 

Regulate better at full load 


Hold up better under over- 
load 


Better no-load to full-load 
regulation 

Accept wider input voltage 
range 

Less voltage change as 
units heat up 

Less change in output as 
frequencies fluctuate 


Smaller, lighter, more com- 
pact, no moving parts 


Cost less to operate 
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ture activities. The golden anniversary 
booklet discusses the policies, prac- 
tices, and purposes of the company, 
points out its program for expansion, 
and its facilities. Products now avail- 
able and those in the research stage 
are covered. The Standard Pressed 
Steel Co. 

Circle No. 67, Reader Inquiry Facility 


page 26] 


PYROMETER SUPPLIES-—Fifty-page 
Buyers Guide, complete with tables 
and illustrations, describe manufactur- 
ers pyrometer supplies. General ther- 
mocouple assemblies and components 
are listed, as well as many special- 
purpose items. In addition to listing 
prices, useful data are provided, in- 
cluding the selection, care, and appli- 
cation of thermocouples. Industrial 
Div., Minneapolis-Honeywell Regu- 
lator Co. 

Circle No. 68, Re 





juiry Facility, page 26] 


BLOWER WHEELS-—Catalog, con- 
taining 24 pages, describes construc- 
tion features, dimensions, and_per- 
formance of a line of blower wheels 
which range from 12 in. to 12% in. 
in diam in both the single inlet and 
double inlet types. Also covered are 
data on the sheet metal housings and 
the correct scroll and other dimen- 
sions. Additional information is pro- 
vided on blower wheel design and 
performance. Revcor. 

Circle No. 69, Reader Inquiry Fa 


page 26] 


CLASS H INSULATING TUBING— 
In a 4-page brochure data are pre- 
sented on silicone rubber coated fi- 
brous glass tubing and silicone im- 
pregnated fibrous glass _ sleeving. 
Grades and electrical characteristics 
of both high temperature materials 
are given and advantages are pointed 
out. Both the fubing and the sleeving 
meet the requirements for applicable 
grades in pertinent NEMA standards, 
as well as the requirements of MIL- 
I-3190. Thermal characteristics, flex- 
ibility, available colors, and sizes are 
among the topics discussed. L. Frank 
Markel & Sons. 

Circle No. 70, Reads juiry Facility, page 26] 


GEAR CASTING DESIGN—“Mee- 
hanite Metal as a Gear Material” is 
the title of 36-page Bulletin No. 42. 
It describes and illustrates many Mee- 
hanite gear applications and provides 
engineering properties of the types of 
Meehanite metal used in gearing and 
other gear materials. Meehanite Metal 
Corp. 

Circle No. 71, Reader Inquiry Facility 


WINDING TUBES—Major portion of 
pamphlet list the arbors for various 
sizes of stocked square and rectangu- 
lar tubing. Other shapes can also be 
supplied. Also pointed out is that tub- 
ing for Class A applications made of 


page 26] 
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How many of these electrical insulation problems do you have? 


* 





1. Need « tape ft nt n on taping machine thig . 
ISOMICA* tapes are made from long rolls of thin continuous mica sheet... 
are more uniform in mechanical and dielectric strength...have no high 
spots or voids. For electrical insulation of class B or class H motors, gen- 
erators and transformers. 


2. Looking ora rricient coi ipping for small spaces EMPIRE® var- 
nished bias-cut nylon tape is highly flexible, strong and efficient ... makes 
a thin insulation of unusually high dielectric strength with good resistance 
to oil and water. This is one of many types of tapes produced for special 
electrical applications. 


0 





en 
‘ 





| 


3. N nation of these propertie dimensional stability 
stance, moist istan high di- 
factor? One of the many grades of LAMI- 
COID®—laminated plastic made with various fillers and resins—will give 
you the properties you need for a wide range of applications . . . mechani- 


cal, electrical or structural. 


high t trenatt abr mm re st resist< 


electr t nat low pow 


4. For dependable commutator segments and V-rings .. . MICANITE® — 
mica splittings built up and bonded with high-grade insulating resins — 
offers high heat resistance, dielectric strength and mechanical stability ... 
enables commutators to withstand high thermal, electrical and centrifugal 
stresses ....can be cut and molded to close tolerances for accurate, well- 
balanced assembles. 


Whatever electrical insulation material you need — class A to class H — 
MICO makes it best. We manufacture it, cut it to size, or fabri- 
cate it to your specification. Send us your blueprints or problems today. 


*Trademark 


MICA Gusubaiter COMPANY 


Schenectady 1, New York 
Offices in Principal Cities 
LAMICOID ® (Laminated Plastic) * MICANITE ® (Built-up Mica) ¢ EMPIRE ® (Varnished Fabrics and Paper) «e FABRICATED MICA * ISOMICA* 
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MINIATURE MOLDED 


HERMETICALLY SEALED OJL-FILLED 


henyvon 


Standard 
and Special 


UNS iTaRs 
engineered to 
your requirements 


INQUIRIES AND SPECIFICATIONS 
RECEIVE PROMPT ATTENTION 


T-LINE 


TOROIDS 
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kraft, fishpaper, cellulose acetate, or 
other combinations can be obtained. 
Requirements of Class B and Class H 
tubing can be satisfied by the use of 
Quinterra, Quinorgo, and Quinterra 
combined with glass cloth. Reference 
information is also provided on the 
electrical properties, other character- 
istics and dimensions of Quinorgo and 
several types of Quinterra insulating 
materials. Ilustrations, curves and 
tables are provided. Accurate Paper 
Tube Co. 
rcle No. 72, Reader Inquiry 


SILICONE NEWS-—In order to pro- 
vide engineers with the latest data on 
new silicone products and applica- 
tions, a 2-page house organ has now 
been made available. Among the top- 
ics discussed are pressure-sensitive 
silicone adhesives, silicone-based alu- 
minum paints and a brief article point- 
ing out that small electric motors and 
components can now be designed to 
operate at 180 C through the use of 
magnet wire insulated with manufac- 
turer's No. 1360 wire enamel. Dow 
Corning Corp. 

Circle No. 73, Reader Inquiry 


ELECTRIC TEST EQUIPMENT—A 
12-page catalog, complete with il- 
lustrations and circuit diagrams, pre- 
sents information on a wide variety of 
test equipments including megohm 
meters, voltage testers, capacity limit 
bridges, resistance and capacity dec- 
ades, and other units. Design features, 
accuracy, applications and other per- 
tinent material are presented. Indus- 
trial Instruments, Inc. 

circle No. 74, Reader 


Facility, page 26] 


LUGS AND CONTACTS—Dimen- 
sional drawings,<available shapes, and 
other data are presented in a 30-page 
catalog on a line of soldering lugs. 
shields and saddles, contacts, and ter- 
minals, including so!derless types. Al 
loys used are pointed out, and a nu- 
merical index is provided. Malco Tool 
and Manufacturing Co. 


Circle No. 75, Re 
FLIGHT TEST INSTRUMENT - 
Two-page bulletin describes Type 


VFDD, a precision flight test instru- 
ment consisting of a power supply and 
a 3-channel demodulator unit de- 
signed to serve as a link between 
sensing instruments and _ oscillograph 
recording equipment. The power sup- 
ply section is suited for exciting many 
types of transducers, such as gyros, 
accelerometers, position indicators, or 
synchros. The demodulator section 
consists of three demodulator chan- 
nels to convert the a-c signals into 
direct current suitable for use with 
recording galvanometers or microam- 
meters. Also pointed out are special 
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Add EXTRA MONTHS to your Selling of Room Conditioners! 


' | Equip with TK Rod-type heating elements 
e ; 
. Probably the greatest advantage of adding heating dirt and corrosion (and should last the full life 


to your room conditioners is the longer selling of the equipment). 
season it gives you. Your dealers can start selling 


in March and April—and what a break this gives FOR ELECTRIC HEATERS, TOO 





them! Users, too, like the idea of complete com- Sales come easier, and at high- 
fort conditioning in this convenient form, gladly er profit margins, when electric 
pay a premium to get it. heaters are equipped with TK Ginnie, aa 
You'll gain a real competitive advantage when Rod-type heating units. It a 
you equip your room conditioners with TK seems the whole industry is 
; Rod-type heating elements. In looks, perform- finding this out, hence the 
ance and durability they add a “tiffany” touch decided swing to this type of 
to your products. They not only are efficient element. Can we help you capi- Pe 
and entirely safe, but are immune to moisture, talize on this development? SSS 


TUTTLE and KIFT, INC. 
Ce Mubsidiay yf Feo Coporilion 


1841 N. MONITOR AVE, ¢ CHICAGO 39, ILLINOIS 
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NOW THEY’RE 
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. . to meet the most adverse climatic 




















conditions, as encountered in coastal regions. 


Write for further information on Sarkes Tarzian 


“Tropicalized” Selenium Rectifiers. 


BLOOMINGTON, INDIANA 


In Canada: 50 St. Clair Ave. W., Toronto 


Dept. M-6, 415 North College Avenue 
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features, including stabilized  fre- 
quency, linear demodulators, large ca- 
pacity, and fact that components are 
JAN-approved where applicable. Il- 
lustrations, block diagrams and addi- 
tional information are also provided. 


Doeleam Corp. 
circle No. 76, Reader Inquiry Facility, page 26]. 


INDUSTRIAL PRECIOUS METALS 
Consisting of 24 pages, catalog de 
scribes the design, development and 
fabrication of precious metals, solid 
and laminated, for industrial uses. 
Text, tables, and illustrations provide 
data on composite contacts, contact 
disks, solid and composite rivets and 
similar items. Advantages of precious 
metal contacts and their applications, 
as well as data on both stock and 
special-order items are furnished. Also 
described are various silver brazing 
alloys, brazing shims, and _ fluxes. 
Tricon Manufacturing Co. 
Circle No. 77, Reader Inquiry | ty, pace 26] 


SMALL INDUSTRIAL PUMPS — 
Complete with a cutaway view and 
other illustrations, 12-page catalog de- 
scribes the Model L positive displace- 
ment, internal-gear rotary pump with 
a mechanical seal. Uses include lubri- 
cation, hydraulic, liquid transfer and 
other applications, pump is built in 
five sizes. It provides capacities from 
20 to 360 gal per hr and pressures up 
to 600 psi. Designed tor direct drive 
at standard motor speeds, its princi- 
ples of operation are given and a guide 
to the various models in the series is 
provided in tabular form. Additional 
information on available models are 
presented and characteristic perform- 
ance curves of the various pumps are 
shown. Tuthill Pump Co. 
> No. 78, Reager Inquir 


26) 


page 26 


METAL CABINET FABRICATION— 
Eight-page bulletin, containing 32 il- 
lustrations, presents various types of 
sheet metal and aluminum cabinets 
and enclosures fabricated by manu- 
facturer. Also shown are plant facili- 
ties and available equipment. Capsule 
case histories are included. Danco 
Metal Products, Inc. 

Circle No. 79, Reader Inquiry ty, page 261 


SMALL STAMPING FACILITIES— 
Stressed in this illustrated 8-page 
booklet is the fact that stampings pro- 
duced with the company’s special dies 
are accurate and economical. Toler- 
ances can be held to +.001 in. Avail- 
ability of skilled craftsmen and mod- 
ern equipment are said to assure ex- 
act duplication for runs of 100 to 
10,000 pieces. Small orders for special 
parts of any kind or shape, it is 
claimed, can be blanked, pierced and 
formed according to customers’ speci- 
fications for practically any material. 
Stampings can be furnished in sheet 
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Here is a new and improved Stator Compound that 


entirely eliminates the disadvantages of former types. 


BORTHIG 629-A RED STATOR COMPOUND is easily 
applied with trowel or hand and smooths out to an 
even, impervious surface, completely enclosing the 
winding with an absolute seal which effectively resists 


water, oil, lint, abrasive dust, metal filings and all 


BORTHIG 629-A RED STATOR COMPOUND is 
specially effective in keeping loom motors lint-free 
and in protecting dye house motors. Interestingly, 
BORTHIG 629-A was originally developed for one 
of the leading manufacturers of textile motors. 
Here is the solid result of our slogan. . . 


Sotued problems are another 
product we deliver 
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POSITIVE Qiuding Protection 





Gorthiq's Meu and Tuproved 
629-A RED STATOR COMPOUND 


elements of tough service conditions. It provides an 
easily cleaned surface that is not brittle and will not 
crack. BORTHIG 629-A has excellent electrical prop- 
erties and the heat dissipation is above average for 
this type of material. In addition to its extremely long 
service life under the toughest conditions, BORTHIG 
629-A is specially formulated to have extraordinarily 


long storage life. 


GEORGE C. BORTHIG CO., INC 


———. , 


| EAST RUTHERFORD, NEW JERSEY - JS 0. BOX Be 
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and strip steel, sheet brass, aluminum, 
copper, phenolics, stainless _ steel, 
bronze, and other materials. Federal 
Tool & Manufacturing Co. 


Circle No. 80, Reader Inquiry Facility, page 26] 

























DRY LUBRICANTS~—Eight-page bro- 
chure points out the usefulness of a 
| line of dry lubricants wherever bear- 
ing pressures and temperatures are 
beyond the capacity of conventional 
lubricants and where the danger of 
| seizing and galling exists. Magnetic 
| and electrical properties are covered 
| and applications and stability of Type 
Z, a highly concentrated and purified 
molybdenum disulfide are discussed. 
Also covered are a series of grease 
consistency mixtures, the compositions 
and applications of which are given. 
Methods of application and uses for 
other types are also provided. The 
Alpha Corp. 

-ircle No. 81, Reader juiry Facility, page 26] 


T Oo P R Oo D U C E SENSING UNITS—Data are presented 
D ? i S rey ” x in a 42-page data book and catalog on 
E L I A C QO a complete line of thermocouples, ra- 

| diation detectors, and _ resistance 

Q UA LITY STA M 2 | N GS | bulbs. Information is also included on 


protection tubes, lead wire and other 

































































































It’s the “know how” of nearly 40 years of pro- accessories for use with indicating, 
duction stamping service that counts. De-Sta-Co’s controlling, and recording instruments. 
main stamping plant is especially geared for produc- Useful reference material is also in- 
tion runs of light to medium-heavy fabrication, up cluded. Wheelco Instruments Div., 
to 3%”. Our bed areas range from 10” x 12” to Barber-Colman Co. 

48” x 72”, pressures from 5 to 250 tons. We draw en eee 


up to 4” deep. During the years we have built up an 
impressive record in coining operations, our knuckle- 
action presses handling up to 400-ton capacity. The 
diversification of our equipment means your job runs 
on the most efficient press. Our highly mechanized 
material handling system saves dollars for you, helps 


NON-DESTRUCTIVE TESTING — 
Illustrated 8-page brochure describes 
magnetic analysis equipment for non- 
destructive testing of ferromagnetic 
bars, rods, and tubing. Reduction 
in cost to fabricators achieved by use 


us keep our delivery record one of the best in the of this multi-method equipment is 
business. That’s why “De-Sta-Co” means “Integrity.” pointed up. Functions, principles of 
For quotation send a sample part if possible, operation, construction features, and 
with a drawing, specifications, and quantity required. uses are covered. Range and capacity, 
You'll get a prompt reply. as well as other topics, are treated. 
Magnetic Analysis Corp. 
For Multi-Stampings — high volume, small, in- ircle No. 83, Re 
tricate parts — there’s our department of Four Slides : Satie si . , a 
Automatics. From a blank oe within 212” x 12%”, VERTICAL SCALE INDICATOR 
a single stroke performs such operations as piercing, Barston 1541 illustrates and — 
forming, swaging, embossing, twisting, curling and re- a6 ¢-inch-wide nee - pe ; 
forming from coiled stock. A part is completed each ligie camndtion: of sey varieite Sat 


can be transferred to millivolts. It is 
designed for applications where panel 
space is at a premium. Industrial Div., 
Minneapolis-Honeywell Regulator Co. 
Circle No. 84, Reader Inquiry Facility | 


stroke, ready for its single inspection. This is espe- 
cially advantageous where forming around a mandrel 
is required, Special washers, precision flapper valves, 
shims and other exacting work are additional De- 
Sta-Co specialties. 


PRECISION POTENTIOMETERS- 
| Linear and non-linear precision po- 
| tentiometers are described in an il- 

lustrated 8-page catalog. Basic de- 
| signs parallel those of MIT Radiation 

Laboratory types. Design and con- 

struction features are discussed and 

advantages and_ specifications pre- 
sented. Additional data given includes 
a glossary of terms, materials used, as 


Send for our Stamping Brochure illustrating our production facilities 
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That's your problem as well as the shop's! 


Bottlenecks on the production line ... 
because machining operations Sure, you can't speed up machining, 
slow down output? but you can... 


specify 
COMPO" and "POWDIRON" bearings and parts 


that cut down the need for machining operations. 


When these bearings are pressed into the housing, the I.D. is right without any reaming! 
And parts are die-formed to final dimensions. 


The Production Department can speed up assembly—and speed up 


other operations, too, by using machines and operators where they're really needed. 


Sales will like customers’ reactions to these bearings and parts 
that last for years without attention. 


And if you please Production and Sales, you'll probably please Management too! 


Wont to know how these oil-retaining bearings and parts—products of 
Bound Brook powder metallurgy—cut product costs, stand up in service? 









You'll find the facts you want for yourself and your 
management in our folder of bulletins—just write “COMPO” 
ee sew. “POWDIRON” 
Buy Bound Brook “BOUND BROOK” OIL-LESS BEARING COMPANY 


Bound Brook, N. J. Bound Brook 9-0441 
MANUFACTURERS OF BEARINGS AND PARTS © ESTABLISHED 1883 
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What’s your relay or 
timer question? 


What type to use 
for a specific job? 













Coils? 



















































Contacts? 


...just look it up in the 640-page 
RELAY ENGINEERING HANDBOOK! 


Here is relay-timer experience! 
Over 18,000 copies are now in use 


helping engineers, designers and others 
solve relay-timer problems. Replete with 
more than 1100 diagrams, illustrations 
and data tables, this pocket-size book 


is the ideal reference manual 

for everyone concerned with relay 
or timer selection, 

application or service. 





STRUTHERS-DUNN, INC., 150 N. 13th ST., PHILADELPHIA 7, PA. 


BALTIMORE * BOSTON * BUFFALO * CHARLOTTE * CHICAGO * CINCINNATI 
DETROIT * KANSAS CITY * LOS ANGELES 
NEW ORLEANS * NEW YORK © PITTSBURGH 
SAN FRANCISCO «+ SEATTLE *© SYRACUSE © TORONTO 







Multiple-use 
control lines? 


Time delay? 


Sequence 
operation? 








well as a series of curves representing 
some of the non-linear functions which 
have been produced. Only two types 
are stocked; other models are ayail- 
able on special order. The Gamewel] 
Co. 

No. 85, Reader Inquiry Facilit e 26} 


SOCKET - TURRETS, PLUG-IN 
UNITS—Containing many illustrations 
and tables, 12-page catalog presents 
information on new types of socket- 
turrets, socket-strips, plug-in hard- 
ware, and tube socket test adaptors, 
Also described are plug-in units for 
unitized circuits, including amplifiers, 
counters, oscillators and other circuits, 
Data are also presented on the wide 
variety of units in the manufacturer's 
line. Vector Electronic Co. 

No. 86, Reader Inquir t 


SEAMLESS AND WELDED TUB- 
ING—In an illustrated 8-page_ bro- 
chure data are presented on mechan- 
ical seamless and on welded tubing. 
Applications, advantages, uses and 
available types are discussed. Speci- 
fications are largely given in tabular 
form. Additional data is provided, in- 
cluding tubing fabrication and forging 
facilities. Ohio Seamless Tube Div., 
Copperweld Steel Co. 

ircle No. 87, Reader Inquir e 26). 


WIRES AND CABLES-Illustrated 
24-page catalog describes various lines 
of wires and cables, including those 
designed for appliances, machine tools, 
and motors. Appliance wires, UL-ap- 
proved, are available with thermo- 
plastic insulation, as well as with a 
nylon jacket. Available colors and ap- 
plications are given. Additional data 
are presented on heavy-duty motor 
and machine, tool wire and on the in- 
sulation used. Detailed specifications 
are presented and useful reference 
material is included. U. S. Wire & 
Cable Corp. 

@ No. 88, Reader Inquiry Facility, 5 261 


MAGNESIUM FABRICATION — 
Eight-page booklet on magnesium 
fabrication and sand castings provides 
information on the firm’s facilities for 
forming, stamping, deep drawing, ma- 
chining, spinning, welding and assem- 
bly. Also described are research, de- 
sign and engineering services avail- 
able for the development of the ap- 
plication of magnesium to new prod- 
ucts. Illustrations show available 
equipment and stock. Magline, Inc. 
Circle No. 89, Reader Inquiry Facility, page 261 


HYSTERESIS CLUTCH DEVICES- 
Text and drawings are used in an 
8-page booklet to describe the advan- 
tages of hysteresis clutch devices and 
their applications. Data are presented 
on variable speed a-c hysteresis drives, 
variable speed transmissions, torque 


ELECTRICAL .MANUFACTURING 






















































UB- 
bro- 
nan- 
ing, 
and 
eCi- 


= ' economical | HENOLITE- low-loss 


cing 
iv.. e 
block insulators...on 


famous CHANNEL MASTER TV antenna 


96) 
61. 


ated 
lines 
hose 
ools, 
-ap- 
rmo- 
th a 
| ap- 
data 


Channel Master’s famous Futuramic antenna combines Broad 
Band TV coverage with the high gain and directivity of the Yagi. 
Utilizing Phenolite low-loss block insulators—the Futuramic is the one 
antenna that solves today’s reception problem, yet will also receive 
10tor tomorrows VHF channels. 
e in- 
tions This use of Phenolite is typical of its countless applications in the 
‘ence 


re & 


electrical field. Phenolite, about one-half the weight of aluminum, is 


the perfect insulating material for high and low voltage applications. 


It possesses an unusual combination of properties. Phenolite has 
great mechanical strength and high resistance to moisture; ready 


sium Semacted by Phenolite low-loss block machinability; is unaffected by solvents and oils. It can be easily 
vides 

s for 
, ma- 


insulated harness— makes possible the punched, sawed and sheared. Tough and with high impact strength, 
high gain and directivity of the Futur- 


! Phenolite is one of the strongest materials per unit weight known. 
amie broad band Yagi antennas. 


sem- 


Illustrated: Futuramic Model 1173 Available in various grades and colors: in sheets, rods, tubes, and 
, de- broad} . ; = 
ivail- roat and Yagi antenna covering special shapes. Write for literature and engineering information— 
. ap- channels 7-13, Channel Master Cor- 
prod- poration, Ellenville, New York. 


ilable 
Inc. 


NATIONAL VULCANIZED FIBRE CO. 
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Control Circuit Transformer 


Hevi Duty Control Circuit Transformers are designed 
specifically for control circuits where high inrush cur- 
rents occur. When quality and consistent dependable 
performance are important, Hevi Duty Transformers are 
specified. Sizes 250 VA and larger are available. 
Write for complete information. 


HEVI DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES HEMIEDUTY ELECTRIC EXCLUSIVELY 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 


MILWAUKEE 1, WISCONSIN 























controlled units, constant tension de- 
vices, and other applications. Briefly 
discussed are performance character- 
istics and frame dimensions for vari- 
able speed drives. Additional informa- 
tion is presented in tabular form. June 
& Co. 

Circle No. 90, Reader Inquiry Facility, page 26} 


MOTOR SLOT WEDGE SELECTOR 
—Newly enlarged Inmanco formed 
fiber wedge selector contains 11 stand- 
ard curve-formed fiber wedge samples 
on one side and 10 standard square- 
formed sizes on the other. Exact di- 
mensions and wedge numbers are 
shown. To check a given wedge for 
fit, the sample is turned to the edge 
of the card and the projecting end ig 
inserted in the motor slot. Data on 
the wedges are contained in a 4-page 
bulletin. Insulation Manufacturers 
Corp. 

Circle No. 91, Reader Inquiry Facility, page 26) 


HERMETIC CAPACITORS—Curves, 
tables, and dimensional diagrams are 
used to describe a line of hermetically 
sealed, paper-dielectric capacitors 
manufactured to JAN-C-25 specifica- 
tions. Included in this line of paper 
capacitors are a subminiature type for 
operation at 125 C, and metallized 
paper and glass-sealed types. Stand- 
ard impregnants used, operating tem- 
peratures, and applications are cov- 
ered. National Capacitor Co. 

Circle No. 92, Reader Inquiry Facility, page 26) 


SMALL COOLANT PUMP-—Informa- 
tion is provided in an illustrated fold- 
er on sizes and models of coolant 
pumps for small machine tools. Ap- 
plications, capacities and illustrations 
are provided. Ruthman Machinery Co. 
Circle No. 93, Reader Inquiry Facility, page 261 


MOLDING COMPOUNDS — The 
many ways of using Kralastic in ex- 
trusion and injection molding are out- 
lined in a 20-page booklet. Features 
of the various available molding com- 
pounds, which are rubber plasticized 
combinations, are mentioned. Proper- 
ties, fabricating methods, applications 
are given. Naugatuck Chemical Div.. 
United States Rubber Co. 

Circle No. 94, Reader Inquiry Facility, page 26) 


SERVO SYSTEMS AND COMPO- 
NENTS-— Instrumentation Data Sheet 
10.20-3a describes amplifiers, con- 
verters and motors adaptable to a 
wide variety of servo loops and elec- 
tromechanical systems. Applications, 
specifications and amplifier input vs 
motor speed tables are included. A 
table of typical servo component com- 
binations and information on servo 
motors are also included. Industrial 
Div., Minneapolis-Honeywell Regu- 
lator Co. 

Circle No. 95, Reader Inquiry Facility, page 26] 
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Here’s how the Lukens Steel Company, Coatesville, Pa., 
ves, °,@ e ° 
one uses Kodagraph Autopositive Paper to eliminate 
ally retracing in preparing flow diagrams and piping layouts. 
Ors 
ica- These diagrams and layouts must also show the floor plans 
per and fixed equipment installations of the departments 
for involved. But instead of retracing this information from 
" the basic plant layout drawings, Lukens Steel simply 
= reproduces the drawings on Kodagraph Autopositive Paper 
aan —gets positive, photographic duplicate tracings directly. 
This gives the draftsman a tremendous head start . . . for 
261 he only has to add the new detail to the Autopositive print 
wali, ...and another job is done instead of being barely begun. 
d- Low-cost Autopositive reproductions are made this 
— easily at Lukens Steel: 
p- . ao ‘ ; 
ons Kodagraph Autopositive Paper is exposed with the draw- 
Co. ings in a direct-process machine . . .and processed in standard 
261 photographic solutions. A fast, convenient room-light 
The operation that produces positive photographic intermediates 
onl without a negative step ... without a darkroom. These 
ny intermediates, in turn, assure highly legible prints. 
wes Lukens Steel Company also uses Kodagraph Autopositive 
a Paper to produce print-making masters from vendor 
si blueprints; to simplify filing, by combining small vendor 
yer- ee : 
ies drawings on Autopositive intermediates in the standard 
iy Lukens drawing size; to get low-cost protection for original 
drawings which must be sent out of the plant. 
26) 
O70 
. OCagra uTepesivive Lraper 
eet 
va “THE BIG NEW PLUS” in engineering drawing reproduction. 
) a P 
lec- eee MAIL COUPON FOR FREE BOOKLET. ——————————————— - 
ms, 68 
ce | Set the full story on the EASTMAN KODAK COMPANY 
A sensational line of Kodagraph Industrial Photographic Division, Rochester 4, New York 
ym- Materials which you, or your Gentlemen: Please send me a free copy of your illustrated booklet, a 
rvo local blueprinter, can process “Modern Drawing and Document Reproduction.” 
rial easily, at low cost. Write today as = 
Wame ‘Osition 
gu- for a free copy of “Modern ee Oe 7 a 


Drawing and Document I aa lcciminarpalcie aeration 


Th oe a 
a 
26! Reproduction.” é 
Street serene aseecseensensansenteseeestnsicnemeadllll 
NG ; Kodalk 
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SPECIFICATIONS 


UL approved for 20 ampere, 125 
volt, 1 HP or 10 ampere, 250 volt 
operation, AC only. Timings 
available from 60 seconds to 
5 hours. Normally supplied with 
center stud mounting. Other 
mountings available on request. 


This Mark-Time switch is built to uphold 
the reputation of your product. Install it 
in your appliances, devices or machines, 
and give your customers a double- 
purpose time switch. 5400" turns OFF 
the circuit at the end of a pre-set time 
period...and gives a clear warning 
bell signal. Your customers will like that 
double servicel 


**5400" has a wide range of applica- 
tions . . . is available with a wide variety 
of modern dials and knobs. . . can be 
supplied as an ““ON" type of unit on 
special order. 


Write today for full details and prices. 


Manufactured and sold in Canada by 
SPERRY GYROSCOPE OTTAWA, Limited 
3 Hamilton St., Ottawa, Ontario, Canada 


M. H. RHODES, INC. 


HARTFORD, CONNECTICUT 


Feature Article Reprints 


SELECTED feature articles from each 
issue of ELECTRICAL MANUFACTURING 
are reprinted in complete form for 
convenient filing and to avoid muti- 
lating copies of the issue. 

New or recent reprints available 
through the Reader Inquiry Facility 
are related articles on selected sub- 
jects; reader may secure single copies 
without charge. Following this listing 
of free reprints are combined reprints 
of several related articles on selected 
subjects; copies are available at prices 
stated, on orders accompanied by re- 
mittance. 


Titles Available Through 
Reader Inquiry Facility 
Note that each reprint described 
below carries a key number which is 
repeated in the reprint subject list in 
the Reader Inquiry Facility. On one 
of the postpaid return cards, circle 
numbers for the reprints wanted and 
mail. Quantities are limited, and when 
the initial supply for any title is dis- 
tributed the item is withdrawn and 
no more requests can be filled. 


New Titles Now Ready 


These new feature article reprints 
are now available for distribution; 
single copies may be secured without 
charge through the Reader Inquiry 
Facility or by letterhead request. 


Fast-Acting Digital Memory Systems, 
October, November 1953, 20 pages. 
Combined reprint of two-part sur- 
very and evaluation of available 
memory devices; characteristics and 
operation of all types of moderate 
and high-speed storage systems. 


(116) 


Tape-Controlled Machines, November 
1953, 8 pages. How human skill is 
recorded and repeatedly fed into a 
machine control system to eliminate 
human variables in long or short 


runs. (130) 


Voltage and Vibration Effect on Motor 
Insulation, November 1953, 8 
pages. Report on insulation life 
tests using methods developed at 
NRL to simulate motor winding 
conditions. (131) 


Solid Lubricants, November 1953, 8 
pages. Current theory of solid fric- 
tion is established and six classes 


of lubricants described with typical 
applications. Summary review of 
30 cited references. (140) 


Earlier Titles Available 


For many of the reprints announced 
earlier, the initial print run has been 
distributed and no more copies can 
be supplied. Only those titles listed 
below are still available through the 
Reader Inquiry Facility and quanti- 
ties in some instances are low. 


Ceramic-Metals for Component De- 
sign, October 1953, 8 pages. Types 
of ceramic-metal aggregates, prop- 
erties and applications; for highly 
stressed and wear-resistant parts in 
high-temperature service. (120) 


New Functions for Wire Terminals, 
October 1953, 8 pages. Eleven case 
histories show effective combina- 
tion of structural functions and 
solderless connectors to reduce cost 
and improve performance. (117) 


New Nonrigid Materials for Insulating 
Systems, September 1953, 16 pages. 
Survey and evaluation of new mate- 
rials and composite structures im- 
portant in the functional design of 
electrical insulating systems. (123) 


Relay Standardization, September 
1953, 12 pages. Summary report 
of 22 papers presented by makers 
and users in a symposium on stand- 
ardization of relays for military elec- 
tronics. (124) 


Solderless Electronic Assembly with 
Cellular Units, September 1953, 4 
pages. Structural system for printed 
circuit components developed at 
NBS for automatic assembly. (125) 


How to Specify Integral-Horsepower 
Motors, September 1953, 4 pages. 
Check list of choices available to 
guide in identifying a motor needed 
for a given drive. (126) 


Aluminum Casting Alloys, August 
1953, 8 pages. Composition, foun- 
dry considerations and properties 
of lightweight alloys suitable for 
sand, permanent mold or die cast- 


ings. (129) 


Thyratron Power Supplies, August 
1953, 8 pages. New thyratron cir- 
cuits for inductive loads that give 
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The Waldes Truarc Grip Ring is a new, low cost fastener 
that provides a positioning shoulder secure against mod- 
erate thrusts or vibration. Installed on a straight un- 
grooved shaft, the Truarc Grip Ring can be assembled 
and disassembled in either direction with Truarc pliers. 


The Grip Ring can be installed tightly against a machine 
part in order to take up end-play. The basic Truarc 
design principle assuring complete circularity around 
periphery of the shaft and the ring’s unusually large 
radial width combine to exert considerable frictional 
hold against axial displacement. The ring can be used 
again and again. 


Find out what Waldes Truarc Retaining Rings can do for 
you. Send us your drawings. Waldes Truarc engineers 
will give your problems individual attention ‘without 
obligation. 


© 


Y 


SEND FOR NEW CATALOG » 


WALDES 








REG. U.S. PAT. OFF. 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING 
U.S. PATENTS: 2.362.947; 2.362.948: 2.416.052; 2.420.921: 2,426,341; 2.439.785; 2.441.846: 2.455.165; 
2.469.380; 2,463,383: 2.487.802: 2.487.803: 2.491.306; 2.509.081 AND OTHER PATENTS PENDING 
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New Waldes Truarc GRIP Ring requires no groove, 
holds fast by friction, can be used over and over again 





Ring #5555 


ese eors [ene [eee [een [ea 
Ja 
002 |.00 +.002 | +.002 | +.003 | +.003 
[eos | as | aoe] ove | oe | 
TOL. |+.0015 | 4.0015 | 4.002 | +.002 | +.002 | +.002 


SHAFT DIAMETER 


Thickness 


prox. 
uinine Thrust 
Load (Lbs) 





r Waldes Kohinoor, Inc., ” 
47-16 Austel Place, L.1.C. 1, N. Y. 


-’ () Please send me sample Grip-Rings 
(please specify shaft size _______...._.-_) 


() Please send me the complete Waldes Truarc 
catalog. 
(PLEASE PRINT) 
Name 


Title 





Company. 
TERA A tiie cca 


Clie State. 
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YOU 
CAN 
ALWAYS 
RELY 


THERMAL TIME DELAY RELAYS 
co M PON & NTS Cathode and filament protection * Gyro Erection ° Pre- 


vent surges and false starts in sensitive auxiliary 
equipment * Miscellaneous circuit switching 





for Electronic 


SPECIFICATIONS 
an d Standard Octal Base . 
Delays... 2 seconds to 5 minutes 
° ° ° Heater ...5 watts nominal, continuous operation 
Communications Equipment Voltages: 6.3, 26.5 and 117 
Contacts... 6 — maximum, 3 amps to 450 volts 
° a.c. or d.c. 
Because of: Vibration ... 1/16” amplitude at 55 cps. 50g shock. 
, Be Ambient... —60 to +85°C Seated Height... 314 max. 
HERMETICAL SEALING in rigid ie 
1 Miniature 7-Pin Base 
glass. 
0 Delays... 5 seconds to 75 seconds 
TAMPER-PROOF stability that de- Heater... 2.5 watts nominal, continuous operation 
fies time and abuse. Voltages: 6.3 and 27.5 
Contacts... 2.5 amps max. 1 amp at 125 volts d.c. 
ACCURACY. Patented feature 


Vibration ... 1/16” amplitude at 55 cps. 50g shock. 


permits calibration after sealing. Ambient... —60 to +85°C Seated Height... 21/4, max. 


SEALED 
THERMOSTATS 


Ambient protection for 
frequency standards * Pre- 
cision heat control for elec- 
tronic laboratory instru- 
ments * Overheat detec- 
tion and fire alarm 





SPECIFICATIONS 
Heavy duty—type D8 Precision control—type S1 
Max. temp. . . .320°C Max. temp... . 190°C 
Max. watts... 1000 Max. watts... 150 
Max. amps... . 8.0 d.c. Max. amps... . 1.0 
Calibration tolerance... + 2.5°C Control differential at 4 amp = 0.1°F 


Length, 234”; dia., 9/16” (approx. ) Length, 21”; dia., 44” (approx. ) 





Write for free bulletins and application data to: 


e 
Q Edinon.. 
INCORPORATED 


Instrument Division 
DEPT. 53, WEST ORANGE, NEW JERSEY 


YOU CAN ALWAYS RELY ON EDISON 
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fast response and high current ca- 
pacity on a-c and d-c applications, 
(132) 


Biased Rectifiers Applied to Magnetic 


Amplifiers, August 1953, 4 pages, 
How substantial savings are ob 
tained on d-c controls by bringing 
magnetic amplifier into play only 
when control action is needed, 


(135) 


Automatic Assembly of Electronic 


Equipment, July 1953, 12 pages. 
Design of a completely automatic 
production line for a radar chassis, 
using component attachment ma- 
chines, printed circuits and dip 
soldering. (118) 


Drawn Parts of Stainless Steel, July 


1953, 8 pages. Case histories and 
specific suggestions on design and 
fabrication factors that influence 
cost, appearance and performance. 

(131) 


What Makes Automation Click, July 


1953, 8 pages. Details of electrical 
control systems developed by Ford 
engineers to transfer parts between 
automatic-cycle machine tools. 
(12)) 


Logical Spring Tolerances, July 1953. 


4 pages. Nomograph based on ac- 
tual machine capabilities replaces 
rule of-thumb and traditional block- 
tolerance tables for coil springs. 


(122) 


Power Factor Measurement, July. 


August 1953, 20 pages. Combined 
reprint of two-part discussion of 
characteristics of usual power factor 
instruments, and their indications 
on non-sinusoidal power sources 
such as eleetronic rectifiers; a meth- 
od of power factor analysis for non- 
sinusoidal wave form. (139) 


JIC Electrical Standards for Industrial 


Equipment, June 1953, 16 pages. 
Complete text of the revised stand- 
ards adopted in March, with all 
changes shown in bold face. (114) 


All-Printed Circuit Electronic Assem- 


bly, June 1953, 4 pages. Rubber- 
backed printed circuit connector 
system combined with printed cir- 
cuit chassis elements eliminates sep- 
arate connectors and most hand 


wiring. (133) 


Precipitation - Hardening Stainless 


Steels, June 1953, 8 pages. Two new 
corrosion-resistant alloys—a deep- 
drawing type and a high-strength 
material with good stability; both 
good for service temperatures up to 


600 F. (134) 


Qualification Testing of Control Re- 


lays, June 1953, 4 pages. Rapid test 
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TAYLOR Commercial Grade Vulcanized Fibre 


is tough, lightweight, abrasion resistant . . . 

excellent for bending, punching, stamping and forming... 
resistant to organic solvents, oil and gasoline... 

has excellent electrical characteristics. 





NOVEMBER 1953 


Want to make something of it ? 


Make it into insulating plates, upset washers, arc barriers, 
terminal blocks, switch and appliance insulation, cases, 
face plates for golf clubs . . . or any other electrical 

or mechanical component that can benefit from the unique 
properties of this versatile material. 


Make it in red, gray, black, or special colors. 


Make it from sheets or rolls with these specifications: 


SPECIFICATIONS 

Thickness 

Range: 
Finish: 


.005” to 1” 

Pressed and 
calendered 

To 3/16” thick 

56” x 90” 

56” for thicknesses of 

.005” through .060”. 


Coils to 3/16” for thick- 
nesses of .005” through 


Punching: 
Sheet Size: 
Roll Width: 


PROPERTIES 
Mechanical 
Flexural Strength 

(Lengthwise) 
(Crosswise) 
Tensile Strength 
(Lengthwise) 7500 psi min. 
(Crosswise) 5500 psi min. 

Compressive Strength 
(Flatwise) 20000 psi min. 
Izod impact Strength 
(Lengthwise) 3.5 Ft.-Lbs./inch 
(Crosswise) 2.9 Ft.-Lbs./inch 


Electrical 
Dielectric Strength 
(1/32” thick) 250 min. 


Short Time Test 


14000 psi min. 
12000 psi min. 


(1/8” thick) 175 min. 
Arc resistance, 
seconds 100 


Make it from turned rods. Diameters from 1/8" to 1” with 
ground or buffed finish. 


Make it easy for yourself when you’re buying vulcanized fibre. 
Call your Taylor engineer . . . he will be glad to work with you... 
help select the correct grades to fit your needs 

—Commercial, Bone, Super White, Abrasive and Built-up. 

Also ask him for samples of Taylor Laminated Plastics . . . 

Phenol, Silicone and Melamine Laminates . . 

suited for a variety of your product requirements. 


Taylor Fibre Company, Norristown, Pennsylvania — La Verne, Calif. 


TAYLOR 


Laminated Plastics 
Vulcanized Fibre 
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WCC to meet your schedule! 


What's your problem? If it involves molded rubber 
electrical components for your product, look no 
further! Because the design and production of such 
parts is a Riverside specialty . . . and has been for 
years! Yes, from appliances to ordnance, prominent 
manufacturers bring us their problems concerning: 
e Waterproofing e Electrical insulation e Shock and 
vibration e Resistance to salt spray, sunlight, oxi- 
dation, wear, abrasion, etc. e Extremes in temper- 
ature ... and many other challenging problems. 








As a result, we have built up a considerable bank 
of valuable experience in the engineering and pro- 
duction of molded rubber parts. The answer to 
your problem can probably be found in this file of 
successful “‘case histories” ... and if not, our well- 
qualified Engineering Department will give you 
the answer fast! Send parts, prints, or details of your 
problem for prompt engineering recommendations 
and a firm quotation. No obligation to you, of course. 


i eside Manji 


AND ELECTRICAL SUPPLY COMPANY 


10227 MICHIGAN AVENUE e DEARBORN, MICHIGAN e¢ PHONE Tiffany 6-6800 






Se 
POSITIVE CONTROL OVER QUALITY 


COMPLETE PRODUCTION FACILITIES 


WIRING HARNESSES AND ASSEMBLIES e CORD SETS e HEATER AND EXTENSION 
CORDS e ELECTRICAL SWITCHES e RELAYS e MOLDED RUBBER PRODUCTS 
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reproduces four types of actual serv- 
ice conditions; test results point to 
greater emphasis on reliability and 
several 


specific design improve- 
ments for industrial contro] service. 
(136) 


Temperature-Humidity Evaluation of 
Plastics, May 1953, 8 pages. Real- 
istic data for appraising electrical 
performance under severe environ- 
mental conditions, based on results 
of special cycling tests. (115) 


Adjustable-Speed Drives, November 
1952, 24 pages. Concise, complete 
and systematic survey of all the 
various types of electric motors, 
power conversion systems and con- 
trol methods available to solve ad- 
justable-speed drive problems; a 
guide for the selection of the proper 
drive for a given machine; compre- 
hensive 8-page bibliography  in- 
cludes references to texts and arti- 
cles on current trends. (128) 


Wider Design Opportunities with the 
New Phenolics, June, July, and 
August 1952, 28 pages. Combined 
reprint of this three-part feature dis- 
cusses new resin formulations and 
new manufacturing techniques for 
molding compounds and laminates; 
compounds with greater strength, 
stability, heat resistance and dielec- 
tric properties; includes special 
tvpes of glass-fiber, synthetic fiber 
and epoxy-resin laminates, foam 
type phenolics. (127) 





Prices for Bulk Quantities 


The above list includes all reprints 
currently available without charge. 
Note that only one copy is supplied 
free; if more than one copy of a title 
is wanted, bulk quantities may be pur- 
chased in lots of five or more at the 
prices per copy given in the table be- 
low; prices vary with the number of 
pages in the reprint and the quantity 
in any one shipment. 

All orders must be accompanied by 
remittance, including 3 per cent sales 
tax for New York City deliveries. 


Quantity Number of pages in reprint 
ordered 4to8 12 16 24to 32 


5 $0.30 0.40 0.50 0.75 
10 0.25 0.35 0.45 0.60 
25 0.20 0.30 0.40 0.50 


Prices shown are per copy and in- 
clude postage; quotations on larger 
quantities will be supplied on request. 
Since these prices do not provide for 
invoicing and accounting cost, pur- 
chase orders must be accompanied by 
remittance. Send order with remit- 
tance to: 
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Fuel Pumping Petroleum Refining 


Chemical Processing 
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Electric Motors : 
& 

e Fa 

for every industry : 
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® 

When you need electric motors ... in any rating, or ® 

frame type... one or a thousand .. . always look for 

the Fairbanks-Morse Seal. For over 120 years it has ° Pipe Line Pumping 

stood for the finest in manufacturing integrity to 

all industry. : 

Fairbanks, Morse & Co., Chicago 5, Illinois. & 
e 
2 
s 
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@ 
® 
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- Paint Manufacturing 
& 


installations where fire hazards exist. 


() FAIRBANKS-MORSE 
a@ name worth remembering when you want the best 














Fairbanks-Morse explosion-proof motors for all 


ELECTRIC MOTORS AND GENERATORS + DIESEL LOCOMOTIVES AND ENGINES * RAIL CARS + PUMPS + SCALES ~ HOME WATER SERVICE EQUIPMENT + FARM MACHINERY + MAGNETOS 
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J. A. Campbell 


| Director of Reader Service 
THINNEST The Gage Publishing Company 
1250 Sixth Ave., New York 20 
Because of the expense involved in 


Combined Reprints 
HI-TEMPERATURE 

producing these feature article re- 
i N S U LAT i Oo N MA D e prints, the free service offered above 


cannot be extended to booklets in- 
cluding several reprints on related 
subjects. The following titles there- 
fore are available at a modest charge 
intended to cover printing, handling 
and postage expense. To keep expense 
to a minimum, copies are offered only 
on requests accompanied by remit- 
tance (including 3 per cent sales tax 
for New York City delivered). Send 
orders with remittance to: 




















J. A. Campbell 
Director of Reader Service 


The Gage Publishing Company 
a ECTR O | 1250 Sixth Ave., New York 20 
Applying Magnetic Amplifiers, 40 


pages. Combined reprint of the four 
articles on “Applying Magnetic Am- 


S i. I. IN G LAS plifiers” by Dornhoefer and Krum- 
| nti | menacher published in 1951, plus 
” 002 and .003 two related articles on the applica- 
tion of magnetic amplifiers to motor 
and 


speed control. The series of four 
articles cover the effect of design 


factors on performance, and pro- 
“0 - .003 to. 0035 cedure to follow in selecting the 


best combination of rating, power 
gain and core material for minimum 
size and cost. For a list of the arti- 


Oo fe r d es ig n econom ie S cles in this booklet see December 


1952, page 280. $1.50 


a t h ig h er fe m p era t ures Overload Protection for Electric Mo- 


tors, 52 pages. Combined reprint of 
the complete series of eight fea- 
ture articles appearing in ELEc- 
TRICAL MANUFACTURING on various 





Electro Extra Thin Hi-Temperature Insulation pos- 
sesses exceptional dielectric and tensile strength. Its 























thinness, flexibility and lightweight permits compact approaches to the problem of pro- 
construction . . . size and weight reduction of elec- tecting motors and other power 
tronic and electrical equipment. sources from overload while provid- 
ing short-circuit protection to cir- 

These Electro products meet all Class “H” require- cuits and wiring. Also included are 
ments and are available in rolls, sheet or tape form. four other shorter articles on related 
subjects. For a complete list of 

For complete data or samples of these and these articles see July 1953, page 
other ELECTRO products contact Dept. El 341. Subjects covered include: In- 





terpretation of ratings, calculating 
motor-temperature curves, fuses vs 
circuit breakers, dual-element fuses, 
thermal overload relays, inherent 
overheat protection and fully mag- 


netic circuit breakers. $1.50 


ELECTRO-TECHNICAL PRODUCTS | Designing servomechanism systems, 


56 pages. Combined reprint of seven 
DIVISION OF SUN CHEMICAL CORPORATION 


feature articles on related phases of 
113 East Centre Street, Nutley 10, N. J. | the design of feedback control or 
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».. BEARINGS in new 
swinging hub casters help shop trucks roll 


smoothly over rough, bumpy floors 





The new swinging hub caster is designed and built by Standard Manufacturing Company 
of Mt. Airy, North Carolina, for shop trucks, dollies, trailers and other materials 
handling equipment. Operating on a clever adaptation of a spring-centering 
principle, the new caster “steps” over bumps, protecting the cargo it carries 
from shocks and jolts and providing a smooth, virtually noiseless ride over rough, 
uneven floors. GRAMIX bearings at the hub of each caster help account for this 
remarkable performance. These bearings have a porous structure and can 

be oil-impregnated during manufacture to provide a constant film of oil at 

the bearing surface, insuring smooth, quiet operation and helping to 

absorb vibration. Designed for a rated load of 800 lbs. per wheel, the 

casters consistently carry loads up to 2000 lbs. per wheel with ease. GRAMIX 
bearings, gears and other parts are compacted from powdered metals under 
pressures up to 70,000 lbs. and sintered in high temperature furnaces. 

They can be produced in relatively complicated shapes to tolerances as close as 
0005”. They need little or no machining thus virtually eliminating 

scrap loss and waste. GRAMIX parts are strong and tough and will usually 
outperform and outlast similar machined parts for only a fraction of the 

cost in production quantities. They can increase the efficiency of your 
products and perhaps reduce your costs considerably. 

















GRAMIX CATALOG FREE 


The new illustrated GRAMIX catalog is full of facts and figures, 
charts and data that tell you all about GRAMIX parts. Chances 

are it will suggest many ways in which GRAMIX parts can 
improve your operations. Write us today for your free copy. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF -THE WICKES CORPORATION © SAGINAW, MICHIGAN 
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Westinghouse portable a-c ammeters 
with full-scale ranges of 5 amperes 
will withstand motor-starting surges 
of 175 amperes without damage. 
They will take 100 amperes for 2 
seconds andfg5 amperes for a full 
minute. Ins€uments with greater 
full-scale ranges have proportionally 
greater overload capacity. 


You get this kind of resistance to 


overloads only in Westinghouse in- 
struments because of the exclusive 
Hipernik® alloy steel repulsion 
vanes. When the current in the circuit 
being measured indfeases to twice 
the full scale rating of the instrument, 
these repulsion vanes become satu- 
rated and the force on the moving 


you can 6€ SURE.. «iF irs 


Westinghouse 


FREE CATALOG 


For additional information about the COMPLETE LINE of 
Westinghouse portable instruments, write for Catalog 
CS 43-100 or send this coupon to Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, Pennsylvania. 


NAME 
COMPANY 
ADDRESS 


CITY. ZONE 





system is thus limited to a safe value. 
Because saturation occurs so quickly, 
the instrument withstands overloads 
that would seriously damage other 
instruments. 

Trainees, students, and sometimes 
even experienced electrical testers, 
may connect a portable ammeter in- 
correctly by mistake. If the ammeter 
is a Westinghouse, the chance that 
it will be damaged by the overload 
is greatly minimized. On overloads 
caused by motor starting surges, 
there is no chance of damage at all. 
Try them and see. }-40430 


EVERYTHING YOU NEED IN 
METERS AND INSTRUMENTS 








cates Gruis ex nian ch nm eaems esta cmb cases cma ell 


STATE 


servo systems and four shorter arti- 
cles on representative servo contro] 
applications. Included are the four 
Herst articles on basic fundamentals 
of servo systems, types of systems, 
amplifiers and electrical and me- 
chanical design factors. Three addi- 
tional articles cover the full range 
of transducers including synchros, 
movable-electrode tubes, movable. 
core transformers, and a table list- 
ing and comparing 17 specific types, 
For a complete list of the contents 
of this booklet see March 1953, page 
294. Applications described are: 
contour follower systems, dynamic 
balancing machine, stress-strain re- 
corder, motor speed control, hy- 
draulic piston synchronizer, and 
others. $2.00 


| Engineering Testing as a Design 
Tool, 76 pages. Combined reprint 
of twelve articles published in 
ELECTRICAL MANUFACTURING in a 
planned program covering major 
phases of instrumentation as a func- 
| tion of product development. Sub- 
| jects include: engineering and envi- 





ELECTRICAL 


Westinghouse portable ammeters stand | ronmental testing in the small plant; 
overloads 35 times full scale 


metheds and equipment for sound 
and vibration; use of the vacuum 
tube voltmeter, oscilloscope and 
high-speed photography in design; 
measurements of interrupted d-c 
non-sinusoidal a-c circuits, Also in- 
cluded are two articles on testing 
winding insulation in production 
and one on the problem of radio 
interference in r-f power equip- 
ment. For an annotated list of these 
articles see the bibliography appear- 
ing in October 1952, page 346; 
also June 1953, page 374. $2.50 





Plastics and Dielectric Materials, 92 
pages. Combined reprint of four- 
teen articles reporting new and sig- 
nificant developments in new resins 
and insulations. Subjects include: 
fluorocarbons, silicone rubber, cast 
resin embedments, ceramic mate- 
rials, glass-fiber paper, high-tem- 
perature insulation, behavior at 
radio frequencies and insulating var- 
nishes. In addition to these 14 fea- 
ture articles, the combined reprint 
also includes an annotated list of 
more than 80 articles published in 
ELECTRICAL MANUFACTURING dur- 
ing the past eight years on basic 
research and practical applications. 
For a complete table on contents 
for this new combined reprint see 


April 1953, page 433. $3.00 





Postcards are provided on page 261 as a 
convenience for readers in obtaining 
single copies of Feature Article Reprints 
offered through the Reader Inquiry Fa- 


cility. 


MANUFACTURING 
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BALDWIN HARNESSES AES & 
3200 HORSES WITH \ 
BURNDY HYLUGS 
AND HYPRESSES 


peat 


Baldwin 3200 HP, TWO-UNIT DIESEL ELECTRIC 
ROAD FREIGHT LOCOMOTIVE, One of the products 
of Baldwin-Lima-Hamilton Corp., Philadelphia, Pa. 


Burndy Y48B Hypress with dual indent dies and Burndy Y34B Hypress making connection to power 
Y48BN pneudraulic pump connecting terminals for switches in close quarters during production of 
Baldwin underframe cables. Baldwin locomotive. 


Burndy HYLUGs and HYPRESSES eliminate soldering, cut production costs... 

and give Baldwin locomotives maximum efficiency in electrical connections. 

Road-tested for months — Burndy joints withstand tremendous vibration and power surges. 
Shop-tested every day—Burndy Hypresses prove simple, easy to operate and maintain. 

Investigate Burndy-engineered connectors, tools, and methods for your product, your plant, today! 


BURNDY 


NORWALK, CONNECT. FACTORIES: New York, California, Toronto TORONTO, CANADA 
08-11 EXPORT: Philips Export Corporation 
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THIS OVERLOAD RELAY 
‘permits starting 
[or high speed, 


high inrush, 





ee 


motors (3600 RPM) 





and still 


protects at 115 





POET IT RR ACCC EE, 


‘running ‘current... 





99 PLUM STREET @ TRENTON 2, N.J. 
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Conference on Industrial Hydraulics 


The latest developments in the field 
of industrial hydraulics were reviewed 
at the Ninth National Conference on 
Industrial Hydraulics held on Oct. 8 
and 9 at the Sheraton Hotel, Chicago. 

The conference was sponsored by 
Illinois Institute of Technology and 
Armour Research Foundation of Ili- 
nois Tech in an effort to encourage 
rapid progress in the field of indus- 
trial hydraulics through the free ex- 
change of current ideas and develop- 
ments. 

Among the papers read were “Fric- 
tion and Wear Phenomena in Oil Hy- 
draulic Equipment,” by W. P. Green 
and O. E. Teichmann, Armour Re- 
search Foundation of Illinois Institute 
of Technology; “Hydraulic Problems 
of Large Forging Presses,” by E. V. 
Crane and W. R. Jackson, E. W. Bliss 
Co.; “Self Contained Pump Units as 
Applied to Extrusion Presses,” A. J. de 
Matteo, Watson-Stillman Co.: and 
“Ball Piston Pumps and Motors,” by 
H. Stern and W. T. Rauch, General 
Electric Co. 

Other papers included: “Factors in 
Designing for Mechanical Seal Appli- 
cations to Hydraulic Equipment,” by 
Justus B. Stevens and Harold F. 
Greiner, Sealol Corp.; “Evaluation of 
an Hydraulic Control for a Flight 
Simulator,” by D. K. Skoog, Armour 
Research Foundation of Illinois In- 
stitute of Technology; “Development 
of Hydraulic Drive for Continuous 
Process Industries,” by Ransom Tyler, 
The Oilgear Co.; and “The Effect of 
Synthetic Fluids on Hydraulic Com- 
ponents and Circuits,” by James Rob- 
inson, Vickers Inc. 

In the session on instrumentation, 
papers included “Pressure Transduc- 
ers for Industrial Research,” by R. E. 
Boyar, Askania Regulator Co., Chi- 
cago; and “A Flowmeter for Measur- 
ing Mass Flow-Rate with a High 
Speed of Response,” by Dr. Yao Tzu 
Li, Philip A. Lapp, and Shih-Ying Lee, 
Massachusetts Institute of Technology. 


Canada Host to International 
Plastics Conference 


One thousand engineers and other 
technical personnel will meet at the 
Royal York Hotel, Toronto, Ontario, 
January 27, 28, 29 for the Tenth 
Annual Technical Conference of the 
Society of Plastics Engineers. Presi- 
dent Walter F. Oelman said that the 


delegates will represent the U. S., 
Canadian and foreign plastics indus- 
try. The theme of the conference is 
“Plastics International.” 

Conference sessions will open with 
a symposium on the developments and 
applications of modified styrene, from 
which many new products are manuv- 
factured. A. Renfrew, director of the 
plastics division of Imperial Chemica] 
Industries, England, will discuss world 
developments in plastics. Discussions 
will also be held on film and sheeting, 
properties of Mylar film, automatic 
molding of thermosetting plastics and 
automatic thermoplastic molding with 
air operated presses. A demonstration 
will be given on reinforced plastics 
molding. 

Discussions will also be held on 
polyethylene developments by a 
speaker from Bakelite Co. and vinyl 
plastisols and plastigels by a repre- 
sentative from B. F. Goodrich Chem- 
ical Co. 


NEMA Objectives 
Described in Brochure 


The many activities and services of 
the National Electrical Manufactur- 
ers Association and its subdivisions are 
briefly described in a brochure re- 
cently sent to all representatives of 
member companies in NEMA and 
other company representatives serv- 
ing on NEMA and NEMA subdivi- 
sions committees. The brochure gives a 
concise picture of what NEMA does. 
so that member companies may more 
fully appreciate the scope of its ac- 
tivities and more readily utilize the 
services available to them through 
NEMA. 

Additional copies are available to 
member companies on requests ad- 
dressed to the Association at 155 44th 
St., New York 17. 


RETMA Board Committees Formed 


Election of chairmen of the Radio- 
Television Industry Committee and the 
Electronics Industry Committee, and 
approval by the Board of Directors 
of an Electronics Industry Committee 
request for a paid general manager 
for electronics high-lighted three days 
of RETMA meetings, Sept. 15-17, at 
the Biltmore Hotel, New York City. 
Max F. Balcom, past president and 
a director of the Association, was 
elected chairman of the Radio-Tele- 
vision Industry Committee, while Di- 
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Even little points of product supe- 
riority can make a big difference in 
your over-all production costs. 

Sangamo Electric Company, of 
Springfield, Illinois, for example, 
found that in wiring up their meters 
and time switches with Rome Syn- 
thinol 901 thermoplastic hook-up 
wire, they were able to speed up 
production because of the ‘tight 
lay” of the stranding and the per- 
fect anneal of the conductor. Com- 
pact connections were possible in 
less time. 

In addition, Rome Synthinol 901 
provides high resistance to mois- 
ture, flame, acids, oils and sol- 
vents, plus extreme resistance to 


Is the wire in your product 
aiding or hindering production ? 


heat deformation, shrinkage and 
cracking, as well as improved 
solderability. Such attention to 
quality is basic policy with Rome 
Cable. Whether you need a special 
hook-up wire or a complex multi- 
conductor cable, Rome has the 
engineering skill and production 
facilities to give you exactly what 
you want. 

Rome Synthinol 901 hook-up wire 
carries Underwriters’ Laboratories 
Appliance Wiring Material Labels 
and is approved for use in appli- 
ances where exposed to air at tem- 
peratures up to 105° C. Available 
as solid or stranded in a wide 
range of permanently clear colors. 





Here operator is 
stripping Rome Synthinol 901 wire 
to make leads for the potential coil 
in Sangamo Electric’s Type “J” 
meter. The special thermo-plastic 
compound assures dependable serv- 
ice life under severe operating con- 
ditions. 


It Costs Less to Buy the Best 


OME CABLE 


ROME NEW YORK 


Tere. Address 


TORRANCE 


7 eee ae ee | 
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ROME CABLE CORPORATION, Dept. EM-11, Rome, N. Y. 
Please send me information on Rome Synthinol 901. 


ME ge. Name ... 
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Thousands of paintings have 
but 
only the select few have the 


been put on canvas, 
























lasting quality of great art. 


We're not artists, but we do 
know something about qual- 
ity. Osters have produced 
top-notch products for over 
a quarter of a century. We 
have a group of well-train- 
“ed, conscientious engineers 
who will design’ and pro- 
/ duce what you want in 


SLOWERS » MOTORS + ACTUATORS 
SERVOS » SYNCHROS 


You'll find we're as precise as 
the old masters about the qual- 
ity of our product. 


You Can Depend on SAFER 
Flight»... EXTRA Fight 
with OSTER Products 





rector F. R. Lack was elected chair- 
man of the Electronics Industry Com- 
mittee. Board Chairman Robert C. 
Sprague, who had been acting chair- 
man of the RTIC, asked that he be 
relieved of this chairmanship so that 
he could maintain his impartiality be- 
tween the two committees as chairman 
of the Board. 

Responding to a unanimous request 
of the EIC, supported by Board Chair- 
man Sprague, the Board of Directors 
authorized President Glen McDaniel 
and EIC Chairman Lack to employ a 
general manager and staff, if neces- 
sary, who will devote his full time to 
serving the interests of electronic 
manufacturers in RETMA. 

Four new RETMA directors and an 
executive committee of the Tube 
Division were elected at Division 
meetings during the three-day con- 
ference. Fred D. Wilson, president 
of Capehart-Farnsworth Corp., was 
elected a director for the Set Division, 
while Russel E. Cramer, Jr., vice 
president, Radio Condenser Co.., L. S. 
Racine, president, Chicago Standard 
Transformer Corp., and W. Myron 
Owen, president, Aerovox Corp., were 





Nov. 2-6—Fall General Meeting, 
American Institute of Electrical 
Engineers, Muehlebach Hotel, 
Kansas City. 


Nov. 9-12—Annual Meeting of 
the National Electrical Manufac- 
turers Association, Haddon Hall 
Hotel, Atlantic City. 












Nov. 9-12—Refrigeration and Air 
Conditioning Exposition, spon- 
sored by the Refrigeration Equip- 
ment Manufacturers Association, 
Housing Bureau, Cleveland Con- 
vention Bureau, Terminal Tower, 
Cleveland. 


Nov. 13-14—Annual Electronics 
Conference, sponsored by the 
Kansas City Section, Institute of 
Radio Engineers, Hotel President, 
Kansas City, Mo. 



















Nov. 18-20—Conference on Elec- 
tronic Instrumentation in Nucle- 
onics and Medicine, sponsored by 
the American Institute of Elec- 
trical Engineers, Hotel New York- 
er, New York. 















Nov. 30-Dec. 5 — Exposition of 
Chemical Industries, Commercial 














5 JOHN Oster B= 
MANUFACTURING COMPANY 
AVIATION DIVISION 


RACINE, WISCONSIN 








Museum and Convention Hall, 
Philadelphia. 









Dec. 1-2 — Frequency Response 
Symposium, sponsored 









Calendar of Meetings 


by The 


elected directors by the Parts Divi- 
sion Executive Committee. In addi- 
tion, the Set Division Executive Com- 
mittee elected A. L. Chapman, vice 
president, electronics operations, Sy]- 
vania Electric Products, 
member of the Committee. 

At the first meeting of the Radio- 
Television Industry Committee reports 
were made on plans for a color TV 
demonstration in New York. Presi- 
dent McDaniel was authorized to 
register RETMA opposition to any 
proposed legislation designed to put 
subscription TV under regulation as 
a common Carrier. 

The meeting of the Electronics In- 
dustry Committee was devoted chiefly 
to discussions of proposals to expand 
RETMA services in the electronics 
field and to reorganize divisions which 
will operate under the supervision of 
the EIC. Chairman Lack was author- 
ized to develop a plan for two or more 
divisions in the electronics field. 

RETMA membership was increased 
to 355 following acceptance of the 
applications presented to the Board 
of Directors at its meeting in New 


York City. 


Inc., as a 


















American Society of Mechanical 


Engineers, Hotel Statler, New 
York. 

Dec. 3-4—Fifth SPI Film, Sheet- 
ing & Coated Fabrics Division 


Conference, sponsored by the So- 
ciety of the Plastics Industry, Inc., 
Commodore Motel, New York. 


Dec. 8-10—Computor Confer- 
ence, sponsored by the American 
Institute of Electrical Engineers. 


Dec. 14-16—Second Annual Wire 
and Cable Symposium, sponsored 
jointly, by the Signal Corps Engi- 
neering Laboratories, Fort Mon- 
mouth and by wire and cable 
manufacturers, Berkeley Carteret 
Hotel, Asbury Park, N. J. 


Jan. 18-22—Winter Meeting of 
the American Institute of Elec- 
trical Engineers, Statler Hotel, 


New York. 


Jan. 27-29—Tenth Annual Con- 
ference of Plastics Engineers, 
sponsored by the Society of Plas- 
Engineers, Inc., Royal York 
Hotel, Toronto, Ontario. 


Feb. 3-5— Ninth Annual Rein- 
forced Plastics Division Confer- 
ence, sponsored by The Society of 
the Plastics Industry, Inc., Edge- 
water Beach Hotel, Chicago. 
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NP +LE+SO+TE= 
a new concept in the production of 
precision alloy strip 


The Wilbur B. Driver Co. supplies resistance alloys, Rodar, 
Nickel, Beraloy and custom alloys to exacting specifica- 
tions for electrical, electronic and instrument applications. 
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Millions of Contacts 
without Faltering 


PROVED 


ON ROUGH, TOUGH JOBS 


Durakool pressurized all-stee! mercury tilt 




















WITHSTANDS switches have more than made good on what 
may have seemed like extravagant claims a 
HIGH few years ago. The list of Durakool successes 


grows each year. Seven sizes, | to 65 amperes 
TEMPERATURES 3 to 4 weeks delivery. Your production sched- 
ule is met. 


See telephone directory for local distributor or write 


DURAKOOL, INC.—Elkhart, Indiana 





















ALL-STEEL 


Durakool -:"", 
Design 


or savings 


When you design a new unit, be thrifty—consult us 
to save time, space, money and future headaches. At 
the breadboard stage, we can help you as we have so 
many others during 35 years of experience. Coto-Coil 
Company, 63 Pavilion Avenue, Providence 5, R. I. 
New York Office: 10 E. 43rd Street, New York 17. 
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Coto 7 a’ Coils 
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ASA Honors Flanders 


Ralph E. Flanders, senior senato: 
from Vermont, has been named to 
receive the nation’s highest award in 
the field of standardization. He wil] 
receive the 1953 Howard Coonley 
Gold Medal for “service in advancing 
the national economy through volun- 
tary standards.” Presentation was 
made at the annual award luncheon 
meeting at the American Standards 
Association in The Waldorf-Astoria, 
New York. 

Senator Flanders is a past president 
of the American Society of Mechan- 
ical Engineers and of the Nationa) 
Machine Tool Builders Association, 
and a former vice persident of the 
American Engineering Council. Until 
he became a senator in 1946, he was 
president of the Jones and Lamson 
Machine Co., Springfield, Vermont. 

Mr. Flanders had been active for 
many years in standardization work, 
particularly in the field of machine 
tools and screw threads. As chairman 
of the American Standards Association 
Committee on Standardization and 
Unification of Screw Threads in 1943, 
he presided over the first of a series 
of international meetings which re- 
sulted in creation of the unified and 
interchangeable screw thread now in 
common use in Britain, Canada and 
the U. S. 


Minter Elected President 


Jerry B. Minter, vice president, Meas- 
urements Corp., Boonton, N. J., and 
president, Components Corp., Den- 
ville, N. J., has been elected president 
of the Audio Engineering Society. Mr. 
Minter helped to organize the North 
ern New Jersey subsection of the In- 
stitute of Radio Engineers. He is 
active on committees of the Radio 
Television Electronics Manufacturers 
Association, the Institute of Radio 
Engineers, and the American Stand- 


ards Association. 


Hickernell Named Chairman 


L. F. Hickernell, chief engineer, Ana- 
conda Wire and Cable Company, 
Hastings-on-Hudson, N. Y., has been 
named chairman of the newly formed 
Technical Operations Committee of 
the American Institute of Electrical 
Engineers. 


SMPTE Honors Dr. Wetzel 


Dr. W. W. Wetzel of the Minnesota 
Mining and Manufacturing Co., St. 
Paul, Minn., has been selected by the 
Board of Governors of the Society of 
Motion Picture and Television Engi- 
neers as the winner of the 1953 Sam- 
uel L. Warner Memorial Award by 
the Society. Presentation of the Award 
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. | “Stays flexible in hot oil” 
dl ays tiexi In not Ol 
in 
y xX 105 
says Line Material Company about EMFLE @ 
s- Used as a coil tap lead protector in the Line Material Company’s 
id transformers shown in the process of assembly, Temflex 105 Tubing 
: maintains its high degree of flexibility during continuous contact with 
T. hot transformer oil. Temflex 105, according to Line Material Company, 
: offers excellent heat resistance, and does not crack, shrink or distort Look to 
is in service. IRVINGTON 
nsulation Leadersh 
2 This is one of the many high-temperature applications of Irvington’s INSULATING VARNISHES 
io Temflex 105 Tubing, which is approved by Underwriters’ Laboratories VARNISHED CAMBRIC 
4. ° js ° . ° i ° ° VARNISHED PAPER 
for 90° C. operation in oil as well as for continuous operation in air at caida veeneien 
105° C. Temflex 105 Tubing also has good resistance to mineral and INSULATING TUBING 
coal tar solvents, acids and alkalies. CLASS “H™ INSULATION 
| 
Irvington recently introduced Temflex 105 Tape, based on the same ona ay 
: | formula that has made Temflex Tubing the leader in its field. Mail the 
: coupon for technical data sheets on both tubing and tape forms. 
’ 


» Gee © 8 SEES ES SSS SSS eae eae oo eS oe oS eS 


Send this convenient coupon now Irvington Varnish & Insulator Company EM-11/53 


9 Argyle Terrace, Irvington 11, New Jersey 
| Por Om 
Ey 


Gentlemen: 


Please send me technical data sheets on Temflex 105 
Tubing and Temflex 105 Tape. 


e Shins istticitiginlnhininishiinesitcinamtesimisatentindariaas eR iticsicmnhe ws 
f VARNISH & INSULATOR COMPANY Cannan 

. 9 Argyle Terrace, Irvington 11, New Jersey iii 4 
Plants: Irvington, N. J.; Monrovia, Calif.; Hamilton, Ontario, Canada ii cnccss-ciniacapectinttieeeiiiaagianas irene Ba iirreresiitiadain 


NOVEMBER 1953 285 


































































































































































AUTOMATIC 


286 


EAGLES 


MICROFLEX 
COUNTER 
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“AUTOMATIC ACCURACY” 


If your application requires “batching” of 
liquids, the Eagle Microflex counter will ac- 
curately count the batches for greater effici- 
ency and increased profit. 


For automatic control of materials by time 
or count, send your application problem to 
Eagle’s experienced engineers. Eagle has 
suggested answers and speeded up oper- 
ations in many plants from coast to coast. 


TELL US YOUR PROBLEMS — WE'LL DO THE REST 


EAGLE TIMERS 


WILL MAKE YOUR 


MACHINES 


AGLE Si 
EAG GNAL CORPORATION mocine. itt 


















took place on the opening day of the 
74th semi-annual Convention of the 
Society at the Hotel Statler in New 
York. 

The award was presented to Dr, 
Wetzel in recognition of his contribu- 
tions to the development of magnetic 
tapes and films. Magnetic recording is 
playing a major role in the motion 
picture industry. The magnetic sound 
track is now used instead of photo- 
graphic sound for original recording 
in motion pictures. 

The two new advances revealed by 
Dr. Wetzel are a completely new 
process for applying multiple mag- 
netic sound tracks to 35 mm film and 
a new long-life play-back head—soon 
to be available—for magnetic sound 
reproduction in motion picture the- 
aters. Both developments are expected 
to be of particular advantage to the 
widespread use of stereophonic sound, 

The system for applying multiple 
magnetic sound tracks to movie film, 
called the “Scotch-Track” laminate 
film process, is made possible by an 
applicator machine developed by Dr. 
Wetzel and his research staff. This 
machine permanently bonds laminated 
tape to movie film automatically, at 
the rate of 125 ft per min. With the 
new process precision-coated tape can 
be directly applied to the projection 
film automatically, as compared with 
the system of coating liquid oxide 
tracks on film. 

The more potent magnetic oxide of 
the “high output” tape used for the 
sound tracks in this process provides 
the necessary increased output on the 
narrower sound tracks now required. 

The applicator machine will be 
leased by the manufacturer to mo- 
tion picture studios for applying mul- 
tiple magnetic tape tracks on film. 







ASME Frequency 
Response Symposium 


Recognizing the increased interest in 
automatic control systems, a two-day 
symposium sponsored by the Instru- 
ments and Regulators Division of the 
American Society of Mechanical Engi- 
neers Will be held as part of its annual 
meeting in New York in December. 

The symposium will be devoted to 
one important aspect of control sys- 
tems: the application of frequency 
response to the study of the dynamic 
behavior of industrial control systems. 

The symposium is an international 
meeting at which papers will be read 
by both American and European sci- 
entists and engineers. These include 
Westcott of England, Oldenbourg and 
Sartorius of Germany and Loeb of 
France. Dr. Harry Nyquist, founder 
of the frequency response approach 
will be a speaker. The papers of the 
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Dependable Bearing Protection 
for All Service Conditions 


The true value of any oil seal must be measured by the ability 
of the sealing element to protect the bearing by keeping the 
lubricant in, dirt and moisture out. 
For your bearing protection Garlock Kuozures offer you 
these important sealing-element advantages: 
1. Synthetic rubber sealing elements for oil, grease, water, 
mild acids and alkalies at temperatures up to 300° F. 


2. Silicone rubber sealing elements for extremes of high and 
low temperatures. 

3. Teflon sealing elements for strong acids. 

4. Choice of sealing element designs with finger spring or 
garter spring for light, medium or heavy duty service at 
all speeds. 


- 


All sealing elements accurate and uniform in size, non- 
porous, tough, durable, non-abrasive and free-running. 





Garlock KLozure Oil Seals are made in a complete 


Ta 347, 2 2 1 é 7 21S Py > 
Model 53 KLOZURE, with standard range of sizes and in many models. For complete 


sealing element, applied to a information call your Garlock representative or 
shaft to protect the ball bearing. write for KLozurE Catalog No. 10. 


THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 
*Registered Trademark In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. 
Branch Offices in Most Principal Cities 





PACKINGS, GASKETS, OIL SEALS, 


(JARLOCK | mennicn seas 


RUBBER EXPANSION. JOINTS 
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pr to tailor stand- 
mponents to 
ecific systems. 


SSH 
ADAPTER 


° 7 
Compiete line of 60 and 
400 cycle amplifiers and 
associated power sup- 
plies for servo motors in 
the’3 and 10 watt range. 
Others on special order. 


vet iat 
PTC EL HAUL OC MS) CLS 
computers and instrumentations with 
SMI’s standard line of pre-designed electronic 
Na ETC re CTT OC 


SERVOMECHANISMS, Inc., packaged function or “building block”’ 
technique divides the systems circuitry into basic circuits... 
power supply, adapter, modulator, amplifier, positioning 
mechanism ...and assembles them into standardized plug- 
in, compact units. Standardization of units allows for mul 
tiple applications and combinations to effect desired 
systems or instrumentations. Units plug into pre-wired 
chassis and lock into position with quick-acting 
fasteners. Maintenance becomes a plug-in or -out 
operation...This design philosophy provides for: 
Seely 
@ Installation Flexibility 
Pee MU Cur ie 
Peer een ey 


soba Set cies. 


Write for information on 
specific military and - 
industrial applications. 


SERVOTU2CUCNISMS we 


POST AND STEWART AVES., WESTBURY, N.Y. 
NEW CASSEL, N. Y. EL SEGUNDO, CAL, 7 
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Symposium are intended to cover the 
entire range of interest of workers 
in this field and cover both theory 
and practice. 

Papers to be read include: “Fre- 
quency Response Data Presentation 
Standards & Design Criteria,” by Dr. 
Rufus Oldenburger, chief mathe 
matician, Woodward Governor Co.; 
“Sine Wave Generators,” by D. W. 
St. Clair, control] engineer, Eastman 
Kodak Co., L. W. Erath, vice presi- 
dent, Southwestern Industrial Elec 
tronics, and S. L. Gillespie, design 
engineer, Woodward Governor Co.; 
and “A Bibliography of The Fre 
quency-Response-Method as Applied 
to Automatic Feedback Control Sys- 
tems,” by Abraham M. Fuchs, senior 
project engineer, automatic controls 
lab., Eclipse-Pioneer Div., Bendix 
Aviation Corp. 

Topics to be covered in additional 
papers are: “Determination of Tran- 
sient Response from Frequency Re 
sponse,” by Dr. A. Leonhard, Insti- 
tute of Technology, Stuttgart, Ger- 
many; “The Analysis of Regulating 
Systems, with Particular Reference to 
Speed Control,” by R. H. MacMillian, 
Cambridge University; “The Appli- 
cation of Frequency Analysis Tech- 
niques to Hydraulic Control Systems,” 
by Dr. Albert C. Hall, technical di- 
rector, Research Laboratories, Bendix 
Aviation Corp. 

Titles of additional papers are: “The 
Synthesis of Optimum Feedback Sys- 
tems Satisfying a Power Limitation,” 
by Dr. J. H. Westcott, Imperial Col- 
lege of Science and Technology, Lon- 
don; “A Uniform Approach to the 
Optimum Adjustment of Contro) 
Loops,” by Dr. Rudolf C. Olden- 
bourg, R. Oldenbourg, Inc., and Dr. 
Hans Sartorius, Editor of the Rege- 
lungstechnik, both of Germany. “Re- 
cent Advances in Non-Linear Servo 
Theory,” by Dr. Juien M. Loeb, Centre 
National d’Etude des Telecommunica- 
tions, Issy-Les-Moulineaux, France, 
and “A Statistical Approach to Servo- 
mechanisms and Regulators,” by Dr. 
Marc J. Pelegrin, Service Technique 
Aeronautique, Paris, France. 

Two sessions will be devoted to 
papers on frequency response in which 
the emphasis is on applications of 
servos to process industries and 
power plants. Also two papers will 
deal with more general subjects: “Ap- 
proximate Frequency-Response Meth- 
ods for Representing Saturation and 
Dead Band,” by Harold Chestnut, en- 
gineer, General Electric Co., and 
“Stability Characteristics of Closed- 
Loop Systems, with Dead Band,” by 
C. H. Thomas, engineer, General Elec- 
tric Co. 

The Proceedings of the Symposium 
will be published. For further details, 









: yesterdays 
=| experience is 
~ | todays knowledge 


adi é , METAL 

The POWDER 
Sys- ; PARTS BY 
“ol | sy, MORAINE 


While we've had a large amount of experience (over 
a quarter century) in making billions of metal powder 
parts, there seems to be no limit to our learning. 
Always there is something new to learn, something 
valuable to add to our already vast store of knowl- 
edge on the subject of powder metallurgy. 


We find new ways to improve the physical properties 
of our metal powder parts; we see a constant broaden- 
ing in the range of materials we can offer our cus- 
tomers; and the number of applications for our metal 
a powder parts grows with our knowledge. 

: We're proud of the position we've reached in the 
field of powder metallurgy ... but no prouder than we 
are of the way our products are able to serve in- 
dustry by improving performance while cutting costs. 
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| write to Mr. Stephen P. Higgins, Jr., 
| Brown Instruments Div., Minneapolis- 
| Honeywell Regulator Company, 176 


Here’s why those in the know 
W. Loudon St., Philadelphia 20, Pa, 






| ATEE Reappoints Lassen 


SLLLLA CANNON 


SOLENOIDS 


Mr. E. U. Lassen, assistant manager 
of engineering, Cutler-Hammer, Inc., 
Milwaukee, and a Fellow of the 
American Institute of Electrical En- 
| gineers, has been reappointed chair- 
man of the Industry Division Com- 
mittee of the institute. Mr. Lassen has 
also been reappointed as a member 
to the Committee on Technical Opera- 


16366 Solenoid — 18.7 Ib. 
minimum pull with 1/2” 
stroke at 24 v. at 170°F. 
Also available with 1-1/6” 


Spring for locking mechanism. 


Small coil to release lock. 





Switch controlling coil 
circuits 


Here's a special purpose Cannon D.C. Sole- 
noid, #16366 for aircraft. Design and 
safety conditions require that the armature 
lock in the actuated position for an indefinite 
time, without relying on a continuous flow 
of current. 

The ingenious ball-and-sleeve latch locks 
the armature as the main coil circuit is broken 
through the built-in switch. When current 
is applied to the smaller coil, motion of the 
sleeve releases the main armature. Study of 
the drawing shows how a smooth-acting, 
positive lock is accomplished. 

This is one of more than 60 different 
Cannon D.C. Solenoids built around 18 
basic coils for either continuous or intermit- 
tent service. Wrive for Solenoid Bulletin 
free on request. 


CANNON ELECTRIC 


Since 1915 

CANNON ELECTRIC COMPANY 

LOS ANGELES 31, CALIFORNIA 
FACTORIES IN LOS ANGELES, TORONTO, NEW HAVEN 


Representatives in principal cities. Address inquiries to 
Cannon Electric Co., Dept. K-118, Los Angeles 31, Calif. 
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stroke 


Main actuating coil 


Ball and sleeve latch 


Cannon type AN receptacle 





#1154 an intermittent service sole- 
noid, 12v, D.C.—10.5 amps.—stroke 
9/32”, weight 13 oz. 





#4440 a continuous service solenoid, 
24v, D.C.—3.6 amp. (starting) .42 
amp. (holding)—stroke 4%” weight 
16 oz. 





# 11790 a continuous service sole- 
noid, 24v, D.C.—3.6 amp. (starting) 
42 amp. (holding) —stroke %” 
weight 15.5 oz. 





tions. 


Society of Industrial Designers 
Selects Robert H. Hose 


The election of Robert H. Hose as 
president of the Society of Industrial 
Designers was announced at the So- 
ciety’s eighth annual Design Confer- 
ence and Meeting. Mr. Hose, a prac- 
ticing industrial designer since 1939, 
has served as director and _ national 
secretary of the SID. He is a member 
of the American Society of Mechanical 
Engineers, and an associate member 
of the American Institute of Electrical 
Engineers. 


Canadian Group Elects Officers 


Olcott Wood Titus, one of Canada’s 
foremost engineers, was elected presi- 
dent of the Canadian Electrical Manu- 
facturers Association of the group’s 
ninth annual meeting at Niagara Falls, 
Ont., last September. Vice-president 
and general manager of Canada Wire 
& Cable Co. Limited, Toronto, Mr. 
Titus has been responsible for engi- 
neering some of the most difficult 
cable installations in Canada during 
his 34 years in the electrical manu- 
facturing industry. He is a member 
of the Canadian National Committee 
on Large Power Systems, the Engi- 
neering Institute of Canada, and the 
Association of Professional Engineers. 

New directors elected to the Board 
of the Canadian Electrical Manufac- 
turers Association include: A. V. Arm- 
strong, president and managing di- 
rector of Amalgamated Electric Cor- 
poration Ltd., Toronto; L. F. Fitz- 
patrick, president and general man- 
ager, Sunbeam Corporation (Canada) 
Ltd., Toronto; M. B. Hastings, presi- 
dent, Powerlite Devices Ltd., Toronto; 
D. R. Moffat, president and general 
manager, Moffats Limited, Weston, 
Ont.; G. E. Robertson, president and 
managing director, Leland Electric 
Canada Ltd., Guelph, Ont.; A. S. 
McCordick, executive vice president, 
Moloney Electric Co. of Canada Ltd., 
Toronto; K. V. Farmer, vice president, 
Canadian Ohio Brass Company, Ltd., 
Niagara Falls. Ont. 
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FOR LOCK WASHERS THAT 


y 


re lock 


"CHISEL EDGE’ LOCK WASHERS 
The Washer That Has The Edge 


F * DOUBLE CHISEL EDGES 


LOCK CONNECTIONS 
2 WAYS PERMANENTLY 


Everlock’s alternating chisel edges actually BITE into both surfaces—into the face of the work 
and the nut—and are held in place permanently by powerful spring tension. 


Available in four standard types or special to your exact specifications. 


When ordering screw-washer assemblies from screw manufacturers 
specify EVERLOCK washers for quality and fast service. 


WRITE FOR LATEST CATALOG AND PRICES 


THOMPSON-BREMER & COMPANY ~- 520 N. DEARBORN STREET, CHICAGO 10, ILLINOIS 
SUBSIDIARY OF AMERICAN MACHINE AND FOUNDRY COMPANY + NEW YORK, N. Y. 
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to the 


ELECTRICAL 
ENGINEER 


or 


PHYSICIST 


with experience in 
RADAR 


or 


ELECTRONICS 


Here is 


THE COMPANY 


Hughes Research and De- 
velopment Laboratories, 
located in Southern Califor- 
nia, are presently engaged 
in the development and 
production of advanced 
radar systems, electronic 
computers and guided 
missiles. 


THE NEW OPENINGS 


The positions are for men 
who will serve as technical 
advisors to government 
agencies and companies 
purchasing Hughes equip- 
ment—also as technical con- 
sultants with engineers of 
other companies working 
on associated equipment. 
Your specific job would be 
essentially to help insure 
successful operation of 
Hughes equipment in the 
field. 


HUGHES 


RESEARCH AND 


DEVELOPMENT LABORATORIES ' 


¢ 
' 


Hughes Research and Develop- 
ment Laboratories, one of the 
nation’s leading electronics 
organizations, are now creating 
a number of new openings in 
an important phase of their 
operations. 


what one of these positions offers you: 


THE TRAINING 


On joining our organiza- 
tion, you will work in the 
Laboratories for several 
months to become thor- 
oughly familiar with the 
equipment which you will 
later help users to under- 
stand and properly employ. 
If you have already had 
radar or electronics experi- 
ence, you will find this 
knowledge helpful in your 
new work. 


WHERE YOU WORK 


After your period of train- 
ing—at full pay—you may 
(1) remain with the Labor- 
atories in Southern Califor- 
nia in an instructive or 
administrative capacity, (2) 
become the Hughes repre- 
sentative at a company 
where our equipment is be- 
ing installed, or (3) be the 


How to apply: 


Hughes representative at a 
military base in this coun- 
try or overseas (single men 
only). Compensation is 
made for traveling and 
moving household effects, 
and married men keep their 
families with them at all 
times. 


YOUR FUTURE 


In one of these positions 
you will gain all-around ex- 
perience that will increase 
your value to our organiza- 
tion as it further expands in 
the field of electronics. The 
next few years are certain to 
see large-scale commercial 
employment of electronic 
systems. Your training in 
and familiarity with the 
most advanced electronic 
techniques now will qualify 
you for even more impor- 
tant future positions. 


If you are under thirty-five 
years of age, and if you have 


an E.E. or Physics degree, 
write to the Laboratories, giving 










































Men 


in Industry 





A new chief engineer and a new 
technical head for the Systems Devel 
opment Section of Cook Research 
Laboratories have been announced by 
Cook Electric Co., Chicago. Alton D. 
Anderson, the former assistant chiet 





ALTON D. ANDERSON 


and director of systems development 
now has the top engineering post, and 
Earl L. Washburn, former project en- 
gineer on atmospheric systems studies, 
moves into the spot vacated by Mr 






EARL L. WASHBURN 


Anderson. Their fields include ocean- 
ographic instrument development, 
digital computer research and design. 
rocket instrumentation, thunderstorm 
research, and fluid dynamics research. 
Mr. Anderson succeeds D. C. Me- 
Donald, who has resigned. 


resumé of your experience. 









Scientific and Engineering Staff 
Culver City, 
Los Angeles County, California 





Assurance is required that 

relocation of the applicant 
will not cause disruption of 

an urgent military project. 


George J. Schad becomes president 
of Tinnerman Products, Inc., Cleve- 
land, Ohio, as former president, A. H. 
Tinnerman, moves up to a board chair- 
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“SCOTCHCAST” EMBEDMENT RESIN 


now available in new low-viscosity form 


And now comes “‘Scotchcast”’ No. 3—a cold-pouring 
electrical embedment resin that costs less because it can 
be mixed with larger amounts of filler. That means bet- 
ter electrical properties, lower co-efficient of expansion, 
higher heat dissipation. 

‘“Scotchcast” provides dependable insulation and 
protects against thermal and mechanical shock, oil, 
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1 AFTER WINDING, coils 


are fitted into plastic cases. 





“SCOTCHCAST” Electrical Embedment Resins 


The term “Scotch” and the plaid design are registered trademarks for the more than 300 pressure-sensitive adhesive tapes made in U.S.A. by Minnesota Mining & 
Mfg. Co., St. Paul 6, Minn.—also makers of “Scotch” Sound Recording Tape, ‘“‘Underseal’’ Rubberized Coating, “‘Scotchlite” Reflective Sheeting, “Safety-Walk” 
Non-slip Surfacing, 3M” Abrasives. “3M” Adhesives, General Export: 122 E. 42nd St., New York 17, N. Y. In Canada: London, Ont., Can. 


moisture, chemicals and weather. Well-known manu- 
facturers find it gives longer life to most types of coils. 
““Scotchcast’’ No. 3 has longer pot life, generates less 
heat during curing, resists heat after curing, has lower 
viscosity for ease of impregnation. 
For complete data, write Minnesota Mining & Mfg. 
Co., Dept. EM-113, St. Paul 6, Minnesota. 


2 SEALING COILS in 
“Scotchcast” Resin No. 3. 

































































































WITH STAR-KIMBLE BRAKEMOTORS 


Stopping of a Star-Kimble Brakemotor is split-second in action, pre- 
cisely timed by simple adjustments. Quiet, too — no lining screech. 
Low lining pressure, evenly distributed, assures long brake life. Brake 
is self-adjusting to compensate for lining wear — ruggedly built to 
withstand shock and vibration. 

















Braking force is spring applied, magnetically released. No linkages to 
cause lost motion or friction. 








Starting of a Star-Kimble Brakemotor is smooth and free from drag. 
Small magnetic air gap assures quick brake release without high 
inrush current. 











And Star-Kimble Brakemotors maintain this fast, smooth stop-start oper- 
ation through millions of cycles with little or no maintenance attention. 
Brake and motor are designed together to work together as a single 
compact unit. One manufacturer, one responsibility — backed by 
years of experience. For details on construction, motor ratings and 
braking torques, write for Bulletin B-501-A. 
































Standard and special motors of all types, 1 to 600 hp; Marine motors 
Ya to 600 hp; generators and motor-generator sets, 1 to 500 kw. 


TAR-KIMBLE 


MOTOR DIVISION OF 
LE PRINTING PRESS AND MFG. CO. 






































06 Bloomfield Avenue Bloomfield, New Jersey 
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manship. Mr. Schad, previously a 
vice president has been associated 
for 20 years with this company, man- 
ufacturer of spring tension fastenings, 


William A. Wagner, Montgomery 
Ward & Co.'s erstwhile chief divi- 
sional designer, has moved to War- 
wick Manufacturing Corp. as chief 
product designer. His work for the 
Chicago radio and television manufac- 
turer will include product design for 
the Chicago and Zion, Il., plants, and 
the Chicago research and develop. 
ment laboratory. 


As Varo Mtg. Co., Inc., Garland, 
Texas, shifts emphasis to commercial 
production from its former concen- 
tration on military production of pre- 
cision electronic power supplies, Jack 
G. Smith, former plant manager, steps 
into the chief engineering post. In ad- 
dition, two project engineers have 
been added to the staff: William D, 
Fuller, chief engineer for Engineer- 
ing Laboratories for five vears before 
changing over to Varo: and Bruce M. 
Williams, previously a research engi- 
neer on magnetic and acoustical sys- 
tems, and manufacturer's representa- 
tive with John A. Green Co. 





J. Stuart Franklin, a staff member 
of the General Electric Co. Photo- 
metric Laboratory, Lynn, Mass., since 





J. STUART FRANKLIN 


1951, has been appointed supervisor 
of the laboratory. He has served with 
the Meter and Instrument Depts. at 
West Lynn, the Induction Motor 
Dept. at Schenectady, and the Power 
Transformer Dept., Pittsfield. 


Tapped by General Omar N. Brad- 
ley, board chairman, to join the Bul- 
ova Research Development Labora- 
tories’ band of “creative thinkers” is 
Brig. Gen. George W. Stoddard, who 
is to be the new head of the Military 
and Aerial Photographic Div. Gen. 
Stoddard earned his right to member- 
ship in this industrial upper atmos- 
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COMPLETE LINE OF CORES 
TO MEET YOUR NEEDS 


*® Furnished in four standard 
permeabilities —125, 60, 26 
and 14. 


* Available in a wide range of 
sizes to obtain nominal in- 
ductances as high as 281 
mh/1000 turns. 


* These toroidal cores are given 
Various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu- 
lation over the core. 
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HIGH Q TOROIDS for use in 
Loading Coils, Filters, Broadband 
Carrier Systems and Networks— 
for frequencies up to 200 KC 


For high Q in a small volume, characterized by low eddy current and 
hysteresis losses; ARNOLD Moly Permalloy Powder Toroidal Cores 
are commercially available to meet high standards of physical and 
electrical requirements. They provide constant permeability over a wide 
range of flux density. The 125 Mu cores are recommended for use up to 
15 kc, GO Mu at 10 to 50 kc, 26 Mu at 30 to 75 ke, and 14 Mu at 50 to 
200 kc. Many of these cores may be furnished stabilized to provide 
constant permeability (+ 0.1%) over a specific temperature range. 


“Manufactured under license arrangements with Western Electric Company 


THE ARNOLD [ENGINEERING (JOMPANY 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 











INL General Office & Plant: Marengo, Illinois 
fo DISTRICT SALES OFFICES .. . New York: 350 Fifth Ave. 
"Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 





PROBLEM 


New diesel-electric locomotive designs re- 


quired control circuits able to withstand 
highly repetitive “make-and-break” serv- 
ice, with minimum maintenance. Unless 


protected from high-voltage surges, char- 


















































acteristic of this type service, contactors 
would require too-frequent maintenance 


and replacement as a result of arc damage. 


In hundreds of applications, Vickers Sele- 
nium Rectifiers provide the economical, 
dependable solution to circuit protection 
and DC supply problems. When your 
plans for product development or improve- 
ment call for improved circuitry, consult 
experienced Vickers rectifier engineers. 
There’s no obligation. 
































































SOLUTION 


Vickers engineers designed selenium recti- 
fier “safety valves” to fully protect the 
Vickers Rectifiers 
absorb the voltage surges, safeguarding 


circuits. Dependable 
vulnerable equipment. Vickers experience 
in producing quality rectifiers, and in en- 
gineering rectifiers to product problems, 


helps keep the diesels rolling. 





ICKERS ELECTRIC DIVISION 








A UNIT OF THE 


1803 LOCUST STREET 


VICKERS Inc. 





SPERRY CORPORATION 


e SAINT LOUIS, MISSOURI 











phere by his 36 years as an Air Force 
reconnaissance and aerial photo- 
graphic expert. Among his achieve. 
ments: Long-range, night, color and 
three-dimensional camera processes, 
now standard equipment in the Air 
Force; the Legion of Merit, and the 
Thurman H. Bane Award for his work 
in low-altitude, high-speed night pho- 
tography. The Bulova research pro. 
gram to which Gen. Stoddard wil] 
contribute has been in the forefront 
of developments in electronic and 
gyroscopic devices for the Armed 
Services. 


James F. Magin, who has been suc- 
cessively research engineering staff- 
man and company director of Square 


JAMES F. MAGIN 


D Co., has now been made a vice 
president of the firm. His headquarters 
will still be the Milwaukee plant, 
home of the Industrial Control Div. 


The American Institute of Electrical 
Engineers has elected to a fellowship 
radar pioneer Robert E. Poole, vice 
president-development, Sandia Corp., 
Albuquerque, N. M. Mr. Poole en- 
tered the radio engineering field in 
1924 as a technical staff member in 
charge of the radio development lab- 
oratories of Bell Telephone Labora- 
tories, Inc., Whippany, N. J. Three 
vears later he designed and operated 
one of the early radio-television dem- 
onstrations, followed by the design 
and construction of a long wave trans- 
mitter for trans-Atlantic telephone use. 
He then turned to designing Western 
Electric radio broadcast equipment, 
but returned to Bell Labs in 1936 as 
broadcast development engineer. By 
1939 he was first on the scene in the 
application of radar principles ex- 
perimentally, and first again, a year 
later, with fire control mobile radar 
equipment. Development of the first 
Navy fire contro] radar followed, un- 
der his supervision. Bell Labs made 
him the director of the Military Elec- 
tronics Dept. in 1948 and a year later 
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minum 


FASTENINGS... 


IMMEDIATE 
DELIVERY! 


Make Harper your source of supply for all 
your needs in aluminum fastenings. 


Machine Bolts Machine Screws 

Carriage Bolts (Slotted and Phillips Head) 
Nuts Tapping Screws 

Wing Nuts Wood Screws 

Cap Nuts (Slotted and Phillips Head) 
Rivets Washers 

Cap Screws Lock Washers 


Complete stocks in a wide range of sizes assure you 
prompt delivery. 

The H. M. Harper Company has specialized for 
almost a third of a century in fastenings of non- 
ferrous metals and all stainless steels, and is the 
largest manufacturer in this field. Over 7,000 items 
are available from stock in aluminum, brass, naval 
bronze, silicon bronze, Monel and all stainless steels. 

Write or wire your requirements in aluminum fas- 
tenings to Harper, or mail the coupon for the Harper 
Aluminum Fastening Catalog. 


The H. M. Harper Company 
8204 Lehigh Avenue 
Morton Grove, Illinois 
Please send me the following catalogs: 
( ) Catalog on Harper Aluminum Fastenings 
( ) Catalog 25 on Harper Everlasting Fastenings 


Company 
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SMALL PARTS 


can play a BIG PART in... 


“ction 


Leading manufacturers in the electronics, ma- 
chinery, appliance and toy fields have been 
saving substantially by using precision Multi- 
Swage parts instead of those previously 
made by turning, drilling, 
stamping or forming. 








HERE ARE ONLY A FEW TYPICAL 
TINY PARTS MADE BY BEAD CHAIN’S 


Economical, Dependable 


MULTI-SWAGE METHOD 


7) =) 


LET BEAD CHAIN MAKE YOUR 
Tiny Patts 0 you" 
Gpecification® 
at far less cost! 





FOOT OR REST PIN STOP PIN 
The advanced manufacturing 
method developed and used 
HAH exclusively by Bead Chain 
swages practically any type of 
small tubular part from flat 
DOWEL PINS stock into precision forms with 





positive, tight seams... and 
does it Automatically. If you 
can use high-volume produc- 
tion .. . we can deliver it ata 
much faster rate .. . and at far 
less cost! Scrap is eliminated! 
Deliveries to you are depend- 





TERMINAL BLOCK 


FRICTION CONTACT WIRE LEADS 
ably prompt! 
We can supply you with parts 
that are beaded, grooved, 
shouldered and made with al- 
most any metal. Diameters up 
to 1/4’, lengths to 11/2” 
PIVOT PINS SHOULDER PINS SPACERS \/7 This catalog can save 
you a lot of production’. ) 
ie f time and money! ‘ 
i Write for it / 
SPRING PINS SHAFT BEARINGS FRICTION FASTENERS Toiy » | 


GET PROOF-POSITIVE 
COST COMPARISONS! } 


Send us a blueprint or sample and quantity 





~ 


THE BEAD CHAIN MFG. CO. 
BRIDGEPORT 5, CONNECTICUT 


Please send me your Catalog of Multi-Swage Parts 


NAME 
TITLE 


requirements. We will quickly show you the big 
COMPANY 
Original and World's 


economies we can deliver. 
. 
® 
Largest Producer of Bead Chain B 


THE BEAD CHAIN MANUFACTURING CO., BRIDGEPORT 5, CONN. 







ADDRESS 
























director of research at Sandia Lab. 
oratory, in charge of development of 


) atomic weapons for the AEC. 


Product planner for General Elec. 
tric Co.’s Specialty Motor Dept., Sche. 
nectady, is Vincent P. Gregg, who 
started in test engineering, and worked 
up to his present post through tech. 
nical personnel placement, sales train. 
ing, and purchasing. He was manager 
of purchasing, nonferrous materials 
before his current appointment. 


With his appointment as plant man 


|ager of the Des Plaines, IIL, stamping 


plant of the Shakeproof Div. of II 
linois Tool Works, Chicago, Carl F. 
Jensen takes on a _ double-barrelled 
job. He will retain responsibility for 
special products engineering and sam. 
ple parts operations located in Elgin. 
Mr. Jensen entered Shakeproof em- 
ploy in 1941 as a senior draftsman 


L. E. 


Blackwell, Jr., is Reliance 


| Electric and Engineering Co.’s new 
sales application engineer in the Char- 


lotte, N. C., sales office, 1208 Liberty 
Lite Bldg. 


Henri G. Busignies, the man who 


|invented the first automatic direction 


| nical 


finder for aircraft, and developed 
“Huff Duff,” a direction finding sys- 
tem used against submarines, has va- 
cated his eight-vear-long job as tech- 
director of Federal 
munications Laboratories, 


nN. J... 


Telecom- 
Nutley, 


to accept a vice presidential 


|chair, and membership of the Man- 


agement Advisory Board. 

Stepping into the vacancy is an 
equally distinguished colleague, Brig. 
Gen. Peter C. Sandretto, U. S. Air 





BRIG. GEN. PETER C. SANDRETTO 


Force Reserve, who was assistant tech- 


|nical director under Mr. Busignies. 
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Gen. Sandretto has been in key jobs 
for International Telephone & Tele- 
graph since 1946, and in the aeronau- 
tical radio engineering field since 1930 
when he was on Bell Telephone Lab- 
oratories’ technical staff. There he 









































to follow the leader — precisely - specify 











SIZES TYPES TYPES TYPES TYPES 
<i Control Control Torque Torque 
and Excitation Transmitters Transformers Transmitters Receivers 
SIZE 11 1.062” 0.D. 
115v 400 Cycles 11CX4a 11CT4a 
SIZE 15 1.437” 0.D. 15CX4a 15CT4a 15TDX4a 15TR4a 
115v 400 Cycles 15CDX4a 
* ” 23CX4a 23CT4a 237TX4a 23TR4a 
= an Be 23CX6 23CT6 23TR6E 
— 23CDX4a 23CT6a 23TR6a 
SIZE 31 3.10” 0.0. 311X6 


115v 60 Cycles 





*All Type 23 Synchros are available with keyed or splined shafts. 


| 





. r Ul 

) SIZE 11 SIZE 15 SIZE 23 

is 1.062” 0.D. 1.437" 0.D. 2.25" OD: 
Specification Specification MIL-S-12472 (ORD) 

e MIL-S-16892 (BuOrd) MIL-S-16892 (BuOrd) FXS-1066 (ORD) 
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SIZE 31 
3.10” 0.D. 
Specification 
MIL-S-12472 (ORD) 


‘“Doelcam_ 


Synchros 


ERFECTION of detail is the difference 

between a good performance and 
the very finest — like the coordinated 
attack and release of a brilliant string 
section. The precision with which DOEL- 
CAM Synchros transmit and receive elec- 
trical information is unsurpassed in a 
precision industry. 

DOELCAM Synchros are tested and 
perfected standard military components 
for use in servomechanisms, computers, 
and automatic control systems. Many 
thousands have been delivered under 
Prime Government Contracts, which 
until recently absorbed our entire out- 
put. Now, the added facilities of our 
new plant enable us to make these out- 
standingly precise units available for 
general military and industrial usage. 
Your inquiry is invited. 


Write for 
Bulletin S8 





Doelcam-designed Torque Receiver Error 
Tester has established an entirely new 
quality level for Type ‘‘TR’’ Synchros 


“Doelcants CORPORATION 


SOLDIERS FIELD ROAD, BOSTON 35, MASS 
West Coast Office: 304 Tejon PI., Palos Verdes, Calif 


Instruments for Measurement and Control 


Gyroscopic Instrumentation - Servomechanisms 
Synchros - Microsyns - Servo Motors 


















Your emergency 
requirements are 
our special concern 


Ajier AU/ THERE'S NO SUBSTITUTE 
FOR QUALITY AND SERVICE 


207 CONNELL AVE. 
JOLIET, ILLINOIS 


BOCESEVE...ncv your : 
WASHER NEEDS ; 


mee oS 
,9 Standard 
Specials 


A heap good source you shouldn't forget — 
standard and specials from Joliet! Thousands 
of special dies in many shapes and forms, 
9/32” to 8” O.D., gauges No. 28 to 3%”. 
A variety of finishes available to meet your 


special needs, including: Electro-plating, 





Galvanizing, Parkerizing and Cyanide hard- 





ening. A dependable supplier for 39 years, 







Little G-E lamp is lens and bulb 


Eliminates cost of 
separate lens 


Makes product assembly 
much easter, cheaper 


You can add the extra safety and convenience of a 
beam of light to any home appliance, business 
machine, electrical or electronic device easily and 
at low cost with a General Electric lens-end bulb. 
Because this lamp replaces the two pieces usually 
needed to do the job . . . bulb plus separate lens 
. assembly is easier, cost is lower. For more in- 
formation about what small G-E lamps can do for 
your products, send for a free copy of the illus- 
trated booklet, ‘“The Light Touch In Appliances’’. 
Write General Electric, Lamp Division, Dept. 
166-EM-11, Nela Park, Cleveland 12, Ohio. 


GENERAL @@ ELECTRIC 

















helped design some of the first radio 
equipment used by commercial planes 
in the United States. Later, as super- 
intendent of United Airlines Transport 
Corp. Communications Laboratories. 
he found answers to problems of pre. 
cipitation static, high-frequency dj. 
rection finding, instrument approach 
and radio altimetry. His service with 
the Air Force in 1942 led to a job as 
chief, Electronics Div., U. S. Stra. 
tegic Air Forces and the awarding of 
a Bronze Star for his work in aerial 
navigation and radar countermeas- 
ures. He’s the author of numerous 
articles and a book, “Principles of 
Aeronautical Radio Engineering.” 


To the top posts George White, Jr., 
has already held in the Vitro Manv. 
facturing Co. hierarchy, the latest ad- 
dition is an executive vice presidency 
of a subsidiary, Vitro Corp. of Amer- 
ica, engaged in engineering, research, 
development and design of processing 
and manufacturing plants. He has been 
a director and vice president of the 
parent firm, and has served as chair- 
man of the board and as president 
of Vitro Chemical Co. On his way 
to these posts, he has made sev- 
eral wayside detours with other com- 
panies—acting as technical assistant 
for Shell Petroleum Corp., as process 
engineer for M. W. Kellogg Co., as 
deputy director of the U. S. Govern- 
ment’s Rubber Reserve Co. He joined 
Vitro as a division engineer in 1946. 


Dr. Raymond W. McNamee of 
Union Carbide & Carbon Corp. be- 
comes manager of research administra- 
tion, moving up from a post as super- 
intendent of the Research and Devel- 
opment Dept. of Carbide and Carbon 
Chemicals Co. His new job entails 
coordination of all corporation lab- 
oratory research. The 1953 Herty 
Medal of the American Chemical So- 
ciety was bestowed on Dr. McNamee 
for his part in research on large-scale 
production processes for styrene eth- 
ylene oxide, and allethrin. 


Now heading the Engineering De- 
velopment group at the Thomas A. 
Edison, Inc., Laboratory is Dr. George 
M. Anderson who joined the staff two 
years ago, from the Westinghouse 
Atomic Power Div., Pittsburgh, Pa. 
Main job of Dr. Anderson will be to 
create working pilot models from the 
product research being carried on in 
the new $500,000 laboratory. 


Neal T. Williams, who has joined 
Edison Laboratory’s physics research 
group has been successively a West- 
inghouse supervisor of engineering 02 
magnetrons, a research associate and 
associate research physicist in the 
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Each day 
sees some 
new problem 
solved by the 
outstanding 
electrical 
and physical 
properties of 
CLEVELITE. 
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CLEVELITE™ 


Yes, there IS a Grade for every need! 


Its high dielectric strength, low moisture absorption, 
mechanical strength, low loss and good machina- 
bility, are essential characteristics of the compo- 
nent parts of your products. 


The world-wide use of CLEVELITE is the result of 
High Quality and Fine Service. 


Tell us your needs. Our Laboratory staff and our 
large production facilities are at your disposal. 


Send for our new folder with complete details on 
the SEVEN GRADES of CLEVELITE and their ap- 
plications. 


CLEVELITE MEANS HIGH QUALITY! 


* Reg. U. S. Pat. Off. 


HeCLEVELAND CONTAINERG) 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES at Chicago, Detroit, Memphis, Plymouth, Wisc., Ogdensburg, N. Y., Jamesburg, N. J. Ro> 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 


REPRESENTATIVES 


NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. J. 
NEW ENGLAND _ RB. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. 
CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICAGO 
WEST COAST IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES 
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Design PROVED DEPENDABILITY... 
MODERN APPEARANCE into Your Product 
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| “Just Turn the Cap and It’s Locked”’ 
| RECEPTACLES CAPS CONNECTORS 
10 AND 20 AMPERES TWO, THREE AND FOUR-WIRE 











—_ peer 





FOR POSITIVE ELECTRICAL CONNECTIONS 
EASY TO WIRE—Ltarge head binding screws — Convenient wire- 
ways in connectors and caps — Receptacles designed for either side 
or back wiring. 


POSITIVE CONTACTS — Contour-controlled contacts, accurately 
formed and gauged — Assure positive contact at all times. 


MODERN DESIGN—Receptacles and connectors have modern face 
design with rating plainly visible, making it possible to tell the 
ampere rating at a glance. 
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r LONG LIFE CONSTRUCTION — Sturdy black plastic bodies — 
L Extra heavy armor on caps and connectors — Built to take years 
t of rough usage. 

os Yours for the asking — The new 8-page descriptive manual 

$i 





with complete illustrations, dimensional and catalog in- 
formation. Just drop us a line on your letterhead. 
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Write Dept. EM 








PASS & SEYMOUR, INC. Syracuse 9, N.Y. 























New York Office Chicago Office 
71 Murray St. 1229 W. Washington Bivd. 
New York 7, N. Y. Chicago 7, Ill. 















magnetron field at Columbia Univer. 
sity Radiation Laboratory, and a mem. 
ber of the electrodynamics group at 
Bell Telephone Laboratories for ye. 
search work on spatial harmonic am. 
plifiers and backward wave oscillators. 
Most recently, he was chief engineer 
of L. L. Constantin & Co., Lodi, N. J. 


Honored at Medal Day ceremonies 
of the Franklin Institute of the State 
of Pennsylvania, in October, were Dr, 
William Blum, National Bureau of 
Standards, and Dr. George Cheney 
Newton, Jr., Massachusetts Institute of 
Technology. Dr. Blum, former chief of 
the Electrodeposition Section of NBS, 
received the Elliott Cresson Medal “in 
recognition of . . . long continued 
and unusually meritorious work in 
creating a modern scientific basis for 
the electrodeposition of metals . .‘.;” 
and Dr. Newton, associate director 
of the MIT Servomechanism Labora- 
tory, the Louis E. Levy Medal for his 
paper, “Compensation of Feedback- 
Contro] Systems,” which appeared in 
the Oct. and Nov. 1952 issues of the 
“Journal of the Franklin Institute.” 












Promoted: Harlow D. Adkins of 
Kearfott Co., Inc., Clifton, N. J., to 
assistant chief engineer, and Robert 
C. Rosaler to succeed Mr. Adkins as 
head of the Mechanisms Laboratory. 


Theodore W. Rundell, Servel, Inc., 
vice president in charge of engineer- 
ing since February, 1952, for the 
Evansville, Ind., firm, has been made 
vice president in charge of operations 
with responsibility for engineering and 
research, production and _ inspection, 
purchasing, personnel and labor rela- 
tions, and product planning. Mr. Run- 
dell was a refrigeration engineer for 
Westinghouse Electric Corp., Spring- 
field, Mass., for 10 years, prior to a 
seven-year association with  Philco 
Corp. of Philadelphia as chief refrig- 
eration engineer. 


“Oldest working engineer” in the 
motor controller industry is the claim 
made by his firm for Hermon L. Van 
Valkenburg, vice president of Square 
D Co., Milwaukee. When he was 
guest of honor recently at the Square 
D Old Timer’s Party, he was celebrat- 
ing two occasions: his 40 years with 
the company; his 58 years of work as 
an engineer since 1895. Among solid 
achievements in his field are his more 
than 60 patents for electrical control 
apparatus. Westinghouse Electric & 
Mfg. Co., E. Pittsburgh, knew him 
as a student engineer. At the tum of 
the century he was designing his first 
rheostats, controllers and switchgear, 
and filing for his first patent, a con- 
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Coaxial connectors and cable 
made by Microdot Division, 
Felts Corporation, S. Pasadena, Calif. 





o BETTER THINGS FOR BETTER LIVING 
.. THROUGH CHEMISTRY 


DEPARTMENT 





PLASTICS » CHEMICALS 
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... heat resistance and strength 
in new miniature parts 


The demand for micro-miniature components in scale 
with miniaturized circuit designs has created an insu- 
lating problem. Miniature circuits often develop high 
heat and carry an increased electrical load that can 
result in failure of these tiny components. 

The Felts Corporation faced such a problem with its 
miniature coaxial connector. They needed a material 
for the connector and primary wire insulation that had 
good dielectric properties and a wide resistance to heat, 
chemicals and corrosion. It also had to be moisture- 
resistant and strong. 

After testing many materials, they chose Du Pont 
*‘Teflon”’ tetrafluoroethylene resin. ‘“Teflon’” is an 
excellent insulator. It has a dielectric constant of 2.0 
and a loss factor of 0.0005. Its power factor is less than 
0.05 °% even at frequencies as high as 30,000 megacycles. 
And these dielectric properties are unaffected by tem- 
peratures from -80°F. to 500°F. Du Pont ‘“Teflon’’ is 
inert to all chemicals except molten alkali metals and 
fluorine. It is tough and durable—will not crack or are. 
**Teflon’”’ has zero water absorption and helps reduce 
self-generated noise at high termination impedances. 

Du Pont ‘‘Teflon’’ serves many uses in electrical 
equipment —stand-off and feed-thru insulator terminals, 
insulation for wire, cables and motor windings, and 
other parts where high temperatures, dielectric strength 
and durability are required. Perhaps ‘“Teflon’’ can help 
you improve or develop a product. For full information, 
write: E. I. du Pont de Nemours & Co. (Inc.), Poly- 
chemicals Department, Room 2011T, Du Pont Bldg., 
Wilmington 98, Delaware. 


*REG. U.S PA 
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Metal Blossom full of Business Honey 


@ We mean money. For the manufac- 
turer who ordered it and the foundry 
that cast it...and for amy company 
that seizes the advantages available in 
the new shell mold method of pro- 
ducing ferrous and non-ferrous metal 
castings. 

The advantages include surfaces al- 
most pattern-smooth . .. castings con- 
forming to tolerances as small as .003 
per inch... machining minimized and 
in some cases eliminated .. . greater 
uniformity, hence fewer rejects ...sum- 
ming up to lower finished unit cost. 

With shell molding success depend- 
ing largely on sand-bonding-resin, 




















MOLDING COMPOUNDS 


Structural, Electrical and 
Chemical Properties in 
Many Combinations 


RESINS FOR INDUSTRY 


Bonding, Casting, Coating, 
Laminating, Impregnating, 
and Shell Molding 


Durez has developed special foundry 
resins of high uniformity that facilitate 
mass production. These resins make 
it easier to obtain castings with de- 
sired qualities of structure, dimen- 
sional accuracy, and finish. 

In other fields too... rubber, abra- 
sives, paper products, wood waste 
utilization, and molding plastics to 
name a few...new Durez phenolic 
developments have made progress fas- 
ter. Let us tell you more about the 
properties of these materials and how 
you may use them profitably. Durez 
Plastics & Chemicals, Inc., 1311 Walck 
Road, North Tonawanda, New York. 
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PHENOLIC PLASTICS THAT FIT THE JOB 








troller for electric motors. During his 
service with Industrial Controller Co 
(later to become Square D) he was 
successively vice president, chief ep. 
gineer, and vice president in charge 
of the Milwaukee plant. 


Another candidate for the President. 
at-Thirty Club was made available by 
the directors of M. H. Rhodes, Inc. 
Hartford, Conn., manufacturer of tim. 
ing devices, recently, when 29-year- 
old M. H. Rhodes, Jr., was elected 
president after several years in mana- 
gerial and sales functions for the com- 
pany. At the same meeting, the 
Rhodes’ chief engineer for more than 
four years, Edward J. Doyle, was 
elected vice president. Mr. Doyle, 33. 
who has supervised the Industrial 
Sales Dept. of the company for the 
past year and a half, will continue to 
be in charge of industrial sales, con- 
sumer sales and sales to Government 
agencies. 


Several promotions of key execu- 
tives of Clayton Manufacturing Co., 
El Monte, Calif., include that of 
Perry Arant, head of product engi- 
neering for 10 years, who has been 
appointed vice-president in charge of 
engineering. 


Harry E. Moon, after more than a 
quarter-century with General Indus- 
tries Co., Elyria, Ohio, where he be- 
gan as a stock boy, has been named 
executive vice president for the Me- 
chanical and Plastic Divs. of the com- 
pany. 


Five Worthington Corp. engineers 
who have recently moved up the pro- 
motion ladder in the Harrison, N. J., 
plant are: Everett C. Schmactenberg, 
chief engineer, Turbomachinery En- 
gineering Services; C. J. Tullo, chief 
engineer, Centrifugal Engineering 
Div.; Warren H. Fraser, assistant chief 
engineer, and William C. Krutzsch, 
Jr., both of the Centrifugal Engineer- 
ing Div.; Max Reimer, chief drafts- 
man, Harrison Works Engineering 
Dept., and manager of the Engineer- 
ing Services Div. 


Spencer Theromstat Div., Metals 
and Controls Corp., Attleboro, Mass., 
has a new field engineer for the New 
England area in H. M. Steel Swift, 
who was formerly in charge of pro- 
duction and sales for Standard Ther- 
mometer, Inc., Boston. 


Invited to occupy the Webster 
Chair of Electrical Engineering, Mas- 
sachusetts Institute of Technology 
Prof. Arnold Tustin, head of the Dept. 
of Electrical Engineering, University 
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Having the RIGHT CONNECTIONS 
is a big help! 


Helipot Pr . first in precision potentiometers ...makes sure 
that, in every Helipot, you do have the right connections. No 
pressure-type connections are used in any Helipot. Tap connec- 
tions are spot-welded by a Helipot-developed process, and other 
electrical connections are soldered... they all stay put! 


st The spot welding process is a particularly interesting one... 


=e and more important, it offers a very real advantage to users of 
Helipot precision potentiometers. Skilled workers, using bin- 


jioees +. ocular microscopes, employ a new technique in spot welding the 















hy Seen very fine electrical connections. This technique assures that tap 

connections are attached to a single turn only of the resistance 

ee. wire, rather than to several adjacent turns as is usually the case 

Senet with the conventional method. Thus the high resolution, so im- 

—— portant to the proper functioning of a precision potentiometer, 

\ G oe is not reduced, and none of the wire turns adjacent to the one 
“ \ YW tapped are shorted out. 


The spot welding process offers the further advantage of 
providing the strongest possible type of connections . . . vibration 
proof, shock proof, corrosion proof, unaffected by temperature 
and humidity changes. And to cap the climax, the new process 
is efficient and economical ... another example of the Helipot 
policy offering the lowest price consistent with the high quality 
you expect in Helipot products. 


For information about Helipot’s complete line of precision 
potentiometers, call your nearest Helipot representative 
or write direct! 


*T.M. Reg. U.S. Pat. Off. 


WRITE FOR YOUR COPY! 


Helipotcczcoration 
co avivon ot BECKMAN INSTRUMENTS, INC. 
SOUTH PASADENA, CALIFORNIA 





PLANTS AT SOUTH PASADENA, CALIFORNIA & MOUNTAINSIDE, NEW JERSEY 
ENGINEERING REPRESENTATIVES IN PRINCIPAL CITIES 


Helipot | first in precision potentiometers 
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FLEXIBLE COUPLINGS 
TO FIT YOUR DRIVE! 


‘ © 
*Dyna-Line 
1/15 to 1-1/2 
Horsepower 
Min. Length 
1” to 2 - 3/8” 


Lengths to Your 
Drive Design 
Needs 














> 


SPECIFY Guardian FOR BEST PERFORMANCE OF YOUR EQUIPMENT 


* Exclusive Guardian Dyna-Line con- 
struction produces a superior one-piece 
flexible power connector by joining the 
three components into one unit while 


they are spinning and held in dyramic 
alignment. 


Guardian Dyna-Line Couplings are available 
in “SUPER-CONSTRUCTION” in the +3 and 
+4 series which apply a quality factor of 2.0 
to the H.P. ratings of these two series. 


C-102 Catalog 
In these couplings, the length of Flex- a eae 
Element specified enters the function of coupling recom- 
needed adjustment to misalignment, or "°"@ottons- 

of added torsional damping. Exceptional 
lateral flexibility with minimum stresses 
imposed and torsional stability retained 
are controlled design features. 



















PRODUCTS CORP. 


COUPLING DIVISION 


Exclusive manufacturers of Guardian Splined 
Sleeve Couplings—standard for years in the 
Oil Burner Industry. NOW AVAILABLE with 
long-wearing Nylon spline member. Ask about 
Guardian's NEW JAW-TYPE* coupling with 
Nylon member. 


Dept. IC-E, 1215 E. Second Street 


Michigan 





ee 


* Patent Pending ee ee. 


SILVER 

OVERLAY 
COMMERCIAL 
BRASS 









Le  STEVER 
JLAMINATED 
TUBING 


for manufacturers of 


POTENTIOMETERS, 
SLIP RINGS 
and other users of materials for 
CONTACT PURPOSES 


Maximum Diameter 1” x 060 Wall 


_ + .000 + .001 
TOLERANCES: a .001 on oO. D.; stabi .000 on l. D. 








All items Custom-Made in a Variety of Metals. 
Submit Specifications for Quotation 





The Home of IMPROVED Service 
Rhode Island's largest manufacturer 
of Laminated Metals 


~ The IMPROVED SEAMLESS WIRE COMPANY 


INCORPORATED 1898 


775 Eddy Street, Providence 5, Rhode Island 










of Birmingham, England, for the aca- 
demic year 1953-54. His specialties 
include: Electric traction, involving 
investigations of magnetic problems, 
loss and heating; fire-control clevelop- 
ments involving the Metadyne method 
of control as applied to the automatic 
laying of anti-aircraft guns; controls 
for radar tracking; a gyroscopic sta- 
bilizer for guns in tanks. He is also 
known for his part in the development 
of the systematic theory of automatic 
control systems, an interest culminat- 
ing in a book about to be published 
under the title, “The Mechanisms of 
Economic Systems.” 


Ben F. Bregi, National Broach & 
Machine Co.’s executive engineer, has 
been upped to vice president of engi- 
neering in the Detroit firm. 


Newly named director of manutac- 
turing in the reorganized Transducer 
Div. of Consolidated Engineering 
Corporation is Walter B. Claus, for- 
mer chief mechanical engineer of the 
Pasadena Instrument Co. Gerald S. 
Perkins takes on the chief 
duties. 


m.e.’s 


Former Air Force Secretary, Com- 
mittee on Electronics, Research and 
Development Board, Col. Howard W. 
Serig, has accepted an appointment 
to the Research Div. staff of New 
York University’s College of Engineer- 
ing. He will direct a group which 
serves the Panel on Electron Tubes 
of the Dept. of Defense. Col. Serig 
was vice commander of the Air Force 
Cambridge Research Center at his 
retirement this vear following 30 
vears of service. He has also been a 
director of the Coles and Evans Sig- 
nal Laboratories and assistant chief 
of the electronics subdivision. Air 
Technical Service Command. 


From Arthur D. Little, Inc., Dr. 
Adair Morrison moves to Spague 
Electric Co., North Adams, Mass., as 
head of the Research Section, Re- 
search and Engineering Dept. Dr. 
Morrison, considered an expert in 
non-destructive testing of equipment 
and materials, is a member of the 
National Research Council of Canada. 
He is the author of papers on cosmic 
ray phenomena, radiography, fluoro- 
scopy with iridium, and related sub- 
jects. 


Appointed to Massachusetts Insti- 
tute of Technology Servomechanisms 
Laboratory, Department of Electrical 
Engineering: Prof. John Francis 
Reintjes, associate professor of Elec- 
trical Engineering, as laboratory di- 
rector. He joined M.I.T. in 1943 as 
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your HORSEPOWER sense! 


Can you estimate the H.P. 
these products require ? 





One. 6) 4-hp. () Vo-hp. () a-hp. () 14-hp. 


Two right answers here! That's because the majority of home freezers are powered 
with motors of one-fourth or one-third h.p. Delco is a pioneer manufacturer of 
hermetic motors for freezers and refrigerators . .. motors famous for dependable 
service over the years. 





‘one. 6) Vortep. () Ya-hp. () Zetp. () Yop. 
Right! The one-third h.p. motor is most favored by lawn mower manufacturers. 


And Delco Motors are favored, too—for their dependability and long life, as well 
as their ease of application to any product design. 


CHECK (We -hp. () A-hp. () Ze-hp. () Yo-hp. 


That’s right—one-third h.p. motors are the popular ones when it comes to power- 
ing cellar drainers. Where dependable, trouble-free service counts, Delco Motors 
are the long-time favorites. Manufacturers know the Delco name gives their 
products added value. 


DELCO 


The best running mate 
your product can have! 


DELCO 
PRODUCTS 


Division of General Motors Corporation, 
Dayton, Ohio 




















SALES OFFICES: Atlanta * Chicago + Cincinnati * Cleveland * Dallas 
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BE Teflon 
© 


IS IDEAL FOR 
ELECTRICAL INSULATION 


i. It has excellent electrical prop- 
erties even at high voltages and 
frequencies 

2. It leaves no carbon residue 
along the discharge path 

3. It has good are resistance 

4. It is practically inert chemically 

5. It has zero moisture absorption 

6. It resists weathering 

7. It has unusual heat resistance 

8. It is tough 

9. It stretches well 

10. It is strong and smooth, “‘snugs 
down” easily 

11. It is available in colors 

R/M Teflon tape is made by Raybestos- 

Manhattan, Inc., from Du Pont Teflon. 

A descriptive folder on R/M Teflon 


products will be mailed on request. 
Your inquiries are solicited. 


*Du Pont trade-mark for its tetrafluoro- 
ethylene resin. 


R/M TEFLON 
PRODUCTS 


include 
RODS, SHEETS, TUBES 


RAYBESTOS-MANHATTAN, INC. 


ASBESTOS TEXTILE DIVISION 
MANHEIM, PA. 


FACTORIES: Manheim, Pa. « No. Charleston, $.C. 
Bridgeport, Conn. ¢ Passaic, N.J. 
Crawfordsville, Ind. 

Peterborough, Ontario, Canada 
RAYBESTOS-MANHATTAN, INC. Manufacturers 
of Teflon Products « Asbestos Textiles « Packings 
industrial Rubber Productse Abrasive and Diamond 
Wheels « Brake Linings « Brake Blocks « Clutch 
Facings e Fan Belts * Radiator Hose * Rubber 
Covered Equipment « Sintered Metal Products 

Bowling Balls 
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a visiting professor of electrical com- 
munications in the Radar School, after 
having been a faculty member in 
Manhattan College, and an engineer 
with General Motors Corp. Following 
that, he was on the staff of General 
Electric Co. as an engineer until 1947 


when he obtained an assistant profes- | 


sorship at M.I.T. His book, “Princi- 
ples of Radar?” is ‘in’ its third edition. 


Dr. James F. Eversole is now vice 
president in charge of research, Bake- 
lite Co., a division of Union Carbide 


& Carbon Corp. He first joined the | 


parent firm in 1929 as a _ research 


| chemist for Carbide & Chemicals Co.., 


Niagara Falls, and later became su- 
perintendent of Linde Air Products 
Co. laboratories at Tonawanda, N. Y. 
He was manager of research admin- 
istration of Union Carbide in New 
York from 1951 to his present ap- 


| pointment. 


Named engineer in charge of the 
Advanced Development Laboratory, 
CBS-Columbia, Inc., is Edward S. 
White, who will continue advanced 


| circuit development work, and act as 
| consultant on special engineering prod- 


ucts. He is the author of numerous 


professional papers, and is an inventor. 


G. Milton Ehlers, former president 
of the Herlec Corp. of Milwaukee, 
Wis., a subsidiary of Sprague Elec- 
tric Co., has joined Aerovox Corp., 





New Bedford, Mass., as chief research | 
| engineer. Holder of various patents 


for electronic components and_ proc- 
esses, Mr. Ehlers has been a director 
of research for the Globar Corp., and 
chief ceramics engineer with the 
Centralab Div., Globe Union, Inc. 


Charles C. Reiff, is exchanging his 
present post as chief engineer of Rock- 
well Manufacturing Co., Barberton, 
Ohio plant, for a similar post in the 
company’s Delta Power Tool Div., 
Bellefontaine, Ohio. 


Among new promotions recently 
in effect at Air Associates, Inc., Teter- 
boro, N. J., is that of Walter Stubbs 
as engineering manager. 


Combined Reprints 
at Quantity Prices 


Grouping of orders makes possible 
substantial savings in handling ex- 
pense. Single shipments of quanti- 
ties of 5 or more on orders accom- 
are 


panied by remittance offered 


at reduced prices—given on page 


344 in this issue. 




















MAGNECRAFT 


Miniature 
Telephone Type 


RELAYS 






Class 11 Short Form 
Available in a wide variety of 


@ Contact combinations 
e@ Coil operating voltages or currents— 


DC only 

e@ Coil resistance from .12 ohms to 
14500 ohms 

@ Hermetically sealed or dust-tite en- 
closures 


TR EF 


é 


Actual size—Class 22 


oe 


Class 22 Long Form 
Available in a wide variety of 


e@ Contact combinations 

@ Single or Twin contacts 

e@ Coil operating voltages or currents— 
AC or DC 

e@ Coil resistance from .12 to 20,000 
ohms 

e@ Time delay—slow release to 125 milli- 
seconds—slow operate to 75 milli- 
seconds. 

@ Fast acting—3 to 5 milliseconds 

@ Hermetically sealed or dust-tite en- 
closures 


Hermetically Sealed Relays 


Specialists in hermetically sealed relays 
to the highest quality standards—over 
fifty varieties of enclosures available. 


SPECIAL RELAYS to your speci- 


fications—send for FREE Engineering 
Bulletins 


MAGNECRAFT 
eS T et Uh 


1446 W. Van Buren St., Chicago 7 
et To) 11] Ce ee AY 
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FASTENER 


@ FACILITATES NESTING 
of sheet metal stampings 





@ ELIMINATES DAMAGE 
due to welded or 


/ 
staked studs ‘ Not this 


Welded or staked studs are easily 
damaged in transit from one de- 
partment to the next or during 
processing, painting, polishing, 
etc. The bolts themselves can 
cause serious damage, denting, 


scratching or chipping painted or 
polished surfaces. 





But this 


QUICKEY SNAPS IN just before 
final assembly . . . allows finished 
parts to be nested for economical 
transportation without protruding 
studs of any kind. Installed at the 
last moment, every Quickey is 
perfect. If damaged during later 
assembly operations, any Quickey 
can be removed and replaced 
easily and quickly, even in blind 
assemblies. 


(Cu 


\\ 


pra 





Like thousands of other fasteners and 
us a i T £ >) ae C A ge ee allied devices, designed and manufac- 
tured by United-Carr, Quickey helps 
speed assembly and cut costs. Avail- 


FASTENERS able in a complete range of sizes and 


in volume quantities; further details 
on request. 





MAKERS OF 





UNITED-CARR FASTENER CORPORATION, CAMBRIDGE 42, MASSACHUSETTS 
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Behind every 










product of 





Sterling Engineering 





Sterling Engineering—long a manufacturer of the very highest 
quality relays and associated electrical devices—now employs the 
complete know-how of American Machine & Foundry Company, one 
of the nation’s leading producers of complex electronic equipment. 

AMF’s unparalleled skill and experience—evidenced in many 
automatic and electronic marvels such as radar scanning equip- 
ment, automatic gun mechanisms, air force training devices, and 
Pinspotter (the automatic pin boy)—joins Sterling’s own design 
and production knowledge to give greater-than-ever assurance that 
AMF Sterling Relays can meet your strictest requirements. 

To be sure of satisfaction, be sure you check with Sterling. 
Send today for our free Catalogue. Write Sterling Engineering, 
Laconia, N.H. 




































































: ‘etividie 


ARE BETTER...4y Ces/gn 








AMERICAN MACHINE & FOUNDRY COMPANY 


Sterling Relays. 


STERLING ENGINEERING COMPANY, C., LACONIA, N. #. 
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Company 


Briefs 





A three-in-one manufacturing oper- 
ation will result from the concentra- 
tion in one modern manufacturing 
plant at Northbrook, Ill., of the pres- 
ent multiple operations of Barrett. 
Cravens Co. The new building, to cost 
approximately $1 million, and cover 
150,000 sq ft, is expected to be ready 
for occupancy next April. The com- 
pany’s two Chicago plants and some 
of the operations of the Crescent 
Truck Co., Lebanon, Pa., subsidiary, 
will be located under the same roof 
at Northbrook with the general offices 
and engineering department. House 
room in the new plant will also be 
found for Barrett-Electronics Corp., a 
firm recently set up to develop elec- 
tronic equipment for practical indus- 
trial use. Barrett-Cravens manufac- 
tures materials handling equipment 
and radio remote control for industrial 
trucks and tractors. 








Underwriters’ Laboratories, Inc., 
San Francisco, has contracted for the 
building of a West Coast Testing sta- 
tion on seven acres in Santa Clara, 
with Fall occupancy in mind. The 
new station on Scott Lane, providing 
37,000 sq ft of floor space, will house 
all the facilities and personnel now 
at the Sansome St. location. 


Reliance Electric & Engineering 
Co., Cleveland, announces sales office 
expansion as follows: A direct factory 
sales office newly established at San 
Francisco, with Walter A. Jensen, 
formerly of the Buffalo sales office, 
staffing this spot; a new sales engi- 
neering appointment for Los Angeles, 
in Perry Dudley, Jr., who has been 
in the Cleveland offices of Reliance for 
the past 15 months; and a new sales 
office opening in Duluth, Minn., with 
J. A. Ritt appointed a field sales rep- 
resentative for the northern Minnesota 
area, 


Norris-Thermador Corp., Los An- 
geles, brings its total number of plants 
to five with the purchase of A. J. 
Lindemann & Hoverson Co., Milwau- 
kee appliance firm, for $1.8 million. 
Lindemann & Hoverson continues 4s 
a corporate entity, with William E. 
Cranston, president of Thermador 
Electrical Manufacturing Co. 4 
wholly-owned subsidiary of Nortis- 
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NEED SPRING MATERIALS WITH 
HIGH CONDUCTIVITY? General Plate 


Composite Metals 


BRONCO, 
CONFLEX and 
SILVER-CLAD 

PHOSPHOR BRONZE 





meet all 
requirements 


PHOSPHOR BRONZE / 
COPPER 
PHOSPHOR BRONZE BRONCO 
The phosphor bronze make i 
kes an excellent 
momeee. The copper increases contemiehn 
LONCO 25/50/25 provides an elect 


3 c rical c . 
tivity of 55% compared with solid copper. —_ 























These General Plate composite metals, made by metallurgically 
bonding one metal to another, provide an economical solution 
to your electrical spring problems. 

Each has specific physical and mechanical properties that 
make it better suited for certain applications. For instance, 


COPPER 
Bronco permits miniaturization, because you can reduce spring HARDENABLE 
size without sacrificing conductivity. Conflex enables you to STEEL 
make fuse chips, flat springs, and electrical connectors at a COPPER CONFLEX 


lower cost. Copper clad on one or both sides of hardenable 


; : , steel in any thickness rati i 
No matter what your problem, it will pay you to consult with is low cost. The hardenable ie 
General Plate. Their vast experience in bonding any combina- stiffness than copper alloys, 


tion of malleable metals can overcome your problems... often 
reduce costs. 

General Plate products include... precious metals clad to 
base metals, base metals clad to base metals, thin-gauge rolling, 
composite contacts, buttons and rivets, Truflex® thermostat 
metals, Alcuplate®, platinum fabrication and refining, #720 
manganese age-hardenable alloy. Write for complete informa- 
tion and Catalog PR700 today. 


ARNE RE SUVER 
PHOSPHOR BRO 
You can profit by using _ SILVER-CLAD 
General Plate Composite Metals! PHOSPHOR BRONZE 


ee clad on one side provides an exceptionally 
s00 electrical contact surface. ... Offers higher 
electrical and thermal conductivity. Als 


METALS & CONTROLS CORPORATION sleccal and heal conductivity Avo avalable 
GENERAL PLATE DIVISION a 


411 FOREST STREET, ATTLEBORO, MASS. — P 
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I 
precision connectors by Continental 




























ACTUAL SIZE 






Sub-Miniature 
Connectors Series SM-20 

















afford extreme size reduction without sacrificing pin 
diameter . . . available in 11, 14, 20, and 34 contacts 
for #20 AWG wire...5 amp. continuous current 
rating ... Submit your special subminiature connec- 
tor requirements to our engineering department. 


7 
+ | 


(ACTUAL SIZE) 


































































































ELECTRONIC SALES DIVISION 


OTe MORRO ttt 


WRITE TO Dept. EMSM-11, DeJUR-Amsco Corporation 
45-01 Northern Blvd., Long Island City 1, N. Y. 
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Thermador, serving as chairman of 
the L & H board. Norris-Thermador 
Corp. manufactures, in addition to 
consumer and industrial appliances, 
electrical transformers, electric mo- 
tors, and ordnance materials. 


Two new departments have been 
established to supplant Trumbull 
Electric Dept. of General Electric Co,, 
Plainville, Conn.—one to be known as 
Distribution Assemblies, the other as 
Trumbull Components Departments 
of G-E Industrial Power Components 
Division. The first, under genera] 
manager Elmer T. Carlson, will manuv- 
facture at seven separate plant loca- 
tions—Plainville, New York City, Cin- 
cinnati, Houston, North Hollywood, 
San Francisco, Seattle—such products 
as switchboards, panelboards, Flex-A- 
Power distribution assemblies, and 
motor control centers. Trumbull Com- 
ponents Dept. will manufacture at 
Plainville safety switches, circuit 
breakers and service entrance devices. 
Hershner Cross is general manager 
there. 

Distribution Assemblies Dept. con- 
trols the former Trumbull Electric 
Dept. field marketing functions and 
will act as a selling agent for its new 
sister division, Trumbull Components 
Dept. 


Expected to be in full production 
this month is a new plant and equip- 
ment wing of Chester Cable Corp., 
Chester, N. Y. The company will have 
25,000 additional feet of plant space 
in which to turn out instrument, radio, 
television, construction and mining 
types of wire. 


New Midwest liaison office ot 
Arthur D. Little, Inc., Cambridge, 
Mass., industrial research firm, is lo- 
cated in Room 3832 Board of Trade 
Bldg., Chicago 4. Staff on the prem- 
ises_ will undertake — technical-eco- 
nomic, technical-audit and market- 
research surveys. Manager of the 


office is John R. Kirkpatrick. 


The industrial rush to get into the 
air conditioning field continues apace 
as three more companies reveal plans 
for new or expanded operations in this 
area. Remington Corp., Auburn, N. Y., 
manufacturers of room air condition- 
ers, will complete in December 4 
modernization program amounting to 
a quarter-million dollars, enabling the 
company to increase production of 
console room air conditioners by 50 
per cent, and to produce 4- and *2- hp 
units for the first time. Current - 
pansion, however, is not as extensive 
as the firm had originally planned. 





Look fo LELAND - iin 


hazardous atmospheres call 
for Explosion-Proof Motors! 


The name LELAND is synonomous with 
dependable, safe electric motor performance — 
particularly in the distribution and sale of vol- 
atile petroleum products. 


It is no accident that Leland, during the past 
30 years, has supplied more motors for the 
powering of gasoline dispensing pumps than all 
other manufacturers combined. 


Building motors of superior quality and per- 
formance, and providing close engineering 
liaison with its customers are policies that have 
been consistently maintained by Leland. As in 
pioneering the curb gas pump motor design 
with the Underwriters’ Laboratories and lead- 


Leland explosion-proof 


Leland explosion-proof 
gasoline pump motor 


ing pump manufacturers, Leland has worked 
with many other manufacturers. The emphasis 
is still on quality design and superior fabrica- 
tion of motors—open, totally enclosed, or ex- 
plosion-proof — standard or special. 


A recent Leland development is a low volt- 
age DC explosion-proof motor for power hose 
reels on trucks handling inflammables and 
volatiles. These are now widely used on airport 
fueling and crash trucks, gasoline and fuel oil 
delivery trucks, etc. Other examples of Leland’s 
creative electrical engineering are contained 
in Bulletin P102-A. May we send you a copy? 


T ELAND (iS) ELECTRIC’ 


DAYTON 1, OHIO 
Div. AMERICAN MACHINE & FOUNDRY COMPANY, New York 
In CANADA, Leland Electric Canada, Ltd.,Guelph, Ontario 


(iy prodvets 


FLY-EASTEP 


hose reel motor 
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{CREW 


is needed... 














































makes it! 


REGARDLESS of type and 
size . . . if you need screws, 
Pheoll makes them! One 
handy source offers the 
most complete line ... the 
largest stocks anywhere. 
Call Pheoll on your 

next order. 














PHEOLL 
MANUFACTURING 
COMPANY 
5700 Roosevelt Rd., Chicago 50, Ill. 


SCREWS NUTS @ BOLTS 


SPECIAL COLD HEADED PRODUCTS 
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| Conditioning Div., 


Westinghouse Electric Corp. ex- 
pects to complete a several million 
dollar packaged air conditioning plant 
near Staunton, Va., by around June, 
1954. It will be operated by the Air 
Hyde Park, Mass. 
Units ranging from 2- to 15-ton ca- 


pacity for commercial and residential 
| use, and the Westinghouse heat pump 
| will be 


made at Staunton. Higher ca- 
pacity equipment will continue to be 
manufactured at other Westinghouse 
locations. 





| vania’s 


Also for December unveiling is the 
line of room and house air-condition- 


ers which Quiet Heet Manufacturing | 


Corp., Newark, N. J., will produce for 
Emerson Radio & Phonograph Corp., 
following Emerson’s acquisition re- 
cently of a majority interest in Quiet 


Heet. 





The latter company will be | 


operated as an Emerson subsidiary | 
| under the same management as here- 


tofore. Samuel L. Peters is president. 


A two-year course carrying an M.S. 
degree in systems engineering has 
been developed by the University of 
Pennsylvania, working with the Radio 
Corporation of America, for Pennsy]- 
Moore School of Electrical 
Engineering. Aim is to provide ad- 


vanced post-graduate education for | 


graduate engineers 
in industry. 
Div. 
Center worked out a basic curriculum 
with university people. 


already 
Engineers of RCA Victor 


Thompson Products, Inc., Cleve- 
land manufacturer of aircraft, auto- 
| motive and electronic parts, has just 
completed the second of two recent 


tracted to itself a new and well-known 
midwestern subsidiary, a month after 
| acquiring substantial stock interest in 
| a newly-organized West Coast 


re- 


J. D. Wright, Thompson’s president, 
in October announced purchase of 
Bell Sound Systems, Columbus, Ohio, 
manufacturer of high-fidelity ampli- 
fiers and tape recorders. The deal 
making Bell a wholly owned subsidi- 
ary of Thompson Products provides 
for the retention of Floyd Bell in a 
promotional capacity, and for overall 
direction by William M. Jones, man- 
ager of Thompson’s Electronics Div., 
| Cleveland. A resident manager at 
Columbus will be named from Mr. 
Jones’ staff. 

In Mid-September, 








preceding the 





| Bell purchase, two former Hughes 
Aircraft Co. vice presidents, Dr. 
| Simon Ramo and Dean E. Wool- 


working | 


and the David Sarnoff Research | 


| financial strokes in which it has at- | 


search and development corporation. | 
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FOREMAN 
SYLVANIA 


If you feel you are ready for a 
step upward — SYLVANIA offers 
you a lifetime career opportunity. 


Perhaps you have had some super- 
visory experience — or — a natural 
ability to handle a supervisory posi- 
tion. It’s necessary that you have 
background in either electrical, 
mechanical, or industrial engineer- 
ing. 

SYLVANIA’s special advancement 
program assures that men will 
advance as rapidly and as far as 
their ability permits. Benefits you 
receive as a SYLVANIA employee 
are many. 


lf you are an aggressive, career- 
minded man, we would like to 
hear from you. 


Send your resume to: 


JOHN C. WELD 
Supervisor of Employment 
254 Rano Street, Buffalo 7, New York 


DONALD BRADLEY 
Personnel Supervisor 
70 Forsyth Street 
Boston, Mass. 


SYLVANIA. 
ELECTRIC PRODUCTS INC. 


RADIO AND TELEVISION DIVISION 
254 RANO STREET 
BUFFALO 7, NEW YORK 
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n-Fraying Fiberglas Sleevings 


Small enough to fit in the hand... 
it can control energy millions of times 
greater than that needed to activate it. 
That’s the Regohm, manufactured by 
the Electric Regulator Corporation. It 
is a compact, versatile control compo- 
nent of the direct-acting finger type 
with wide acceptance as a voltage, 
current and speed regulator. 


Electric Regulator engineers said, “We 
needed an insulation that would be 
permanently flexible through high and 
low temperatures. We found what we 
needed in BH “'649”’ Fiberglas Tubing, 
and got these added advantages: BH 
649" is easy to handle, it slips over 
wires quickly and speeds assembly time. 
It withstands the roughest handling 
without damage. It can be cut in short 
lengths without fraying or cracking. 
Its smooth, glossy surface adds to the 
appearance of our products.” 

BH "649", pioneer in the field of vinyl 
plastisol tubings, now offers true 


are made by an exclusive Bentley, Harris process (‘1 S. Pat. No. 23935 


Regohm Circuit Controller, shown at actual size, 
with cover removed. Designed, developed and man- 
ufactured by the Electric Regulator Corp., Norwalk, 
Conn. 


> ot BH “649” 
ride the th 


ermomefter 


Class B protection at 130°C. with its 
improved coating formulation. Rated 
dielectric strength and flexibility con- 
tinue after exposure to 150°C. for 300 
hours, 200°C. for 20 hours, 232°C. for 
3 hours—and for even longer periods 
if not abused after conditioning. Its re- 
sistance to chemicals and oils, as well 
as its high physical strength, has helped 
solve many tough insulation problems 
in a wide range of applications. 

Why not investigate the advantages of 
BH insulations today. BH ''649”’ is just 
one of a large family of Fiberglas 
tubings and sleevings developed spe- 
cifically for the electrical industry. If 
you'll send facts on your require- 
ments—voltages, temperatures, unusual 
conditions — we'll be happy to make 
recommendations and send samples 
for testing. 


Bentley, Harris Manufacturing Co. 
1211 Barclay Street 
Conshohocken, Pa. 








T™ of Owens-Corning Fiberglas Corp, 
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ELECTRICAL 


dridge, joined with Thompson Prod- 
ucts’ president to organize the 
Ramo-Wooldridge Corp., Los Angeles, 
for the research, development and 
manufacture of electronics systems 
and guided missiles. Officers of this 
firm are Mr. Wooldridge, president, 
and Mr. Ramo, vice president and 
executive director. Mr. Wooldridge, 
for two vears in charge of research and 
development for Hughes Aircraft, was 
associated with Bell Telephone Labo- 
ratories from 1936 to 1946 and in the 
war years headed an airborne elec- 
tronics section. He now serves on 
both Army Ordnance and Air Force 
Armament Advisory Committees. Mr. 
Ramo, formerly a Hughes operations 
v. p., was also a General Electric 
Laboratory staff member for 10 years, 
has served military establishment re- 
search and development agencies, and 
is the author of electronics’ textbooks. 

Early in October, Thompson Prod- 
ucts awarded Ramo-Wooldrige a 
$330,000 contract for study and de- 
velopment of electronic techniques 
applicable to the Thompson _ busi- 
ness. 





Syntronics Instruments, Inc., 100 
Industrial Rd., Addison, IIl., is dou- 
bling its present plant space with a 
new addition for the manufacture of 
TV yokes and for improved produc- 
tion facilities on its line of components 
for laboratory, military and_ special 
purpose cathode ray tube application. 


Jacobson Mfg. Co., Inc., Kenil- 
worth, N. J., producers of punched 
nuts, has bought the Nut Manufac- 
turing Div. of Eagle Lock Co., Terry- 
ville, Conn. 


Summit Electronics, Inc., Summit, 
N. J., announces that it has complete 
facilities for the supply of such prod- 
ucts as a-f and r-f amplifiers, power 
supplies, precision test equipment, 
radio receivers and transmitters, radar 
and telephone equipment. They also 
offer design and testing services. 


Brociner Electronics Laboratory has 
moved to larger quarters at 344 E. 
32 St., New York 16. 


Sundberg-Ferar, Detroit industrial 
design firm, now adds “Inc.” to_ its 
name. The former partnership has 
become a corporation, 


Separation of the newly-created 
Commercial Equipment Dept., Gen- 
eral Electric Electronics Div., Syra- 
cuse, into product units designated as 
Broadcast Equipment, Germanium 
Products, and Communication Equip- 
ment, with a general manager for each 
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Fixture production 
line at Sylvania Elec- 
tric Products, Inc., 
Wheeling, W. Va. 


OLYSTYRENE panels are an im- 
es part of a lighting fixture. 
They must evenly diffuse the light 
from the fluorescent lamps so that 
illumination will be high — yet the 
plastic panels themselves must not be 
too bright. 

Slightest deviation in color or trans- 













y 
KOPPERS 
WwW 
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lucence in panels is noticeable—par- 
ticularly when many fixtures are hung 
in a single room. Plastic panels there- 
fore must maintain uniform color and 


translucence. “Evenglo” by Koppers 
meets this critical requirement for 
Sylvania, as it has for other manu- 
facturers of quality lighting fixtures. 


Koppers Plastics Make Many Products Better and Many Better Products Possible. 


“BVENGLO’ 


. polystyrene is our 
4 Specifications standard in 
Sylvania lighting fixtures.” 


says George Clark 

Chief Engineer 

Fixture Division 

Sylvania Electric Products, Inc. 


You get the exact color or trans- 
lucence you specify when you buy 
“Evenglo.” You get a plastic that is 
easy to fabricate, and will not warp 
due to heat from fluorescent lamps. 

Let your Koppers application en- 
gineer help select the “Evenglo” for- 
mulation to meet your specific needs. 


SALES OFFICES: NEW YORK + BOSTON «+ PHILADELPHIA + ATLANTA + CHICAGO «+ DETROIT + LOS ANGELES 
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replaced ) heavy nailed crates 









cut packaging costs 50% 





reduced shipping costs 25% 


McCord Corporation, Plymouth, Indiana, solved both a packaging and 
a materials handling problem with the Generalift Pallet Crate shown 
above. Conferences with General Packaging and Sales Engineers pro- 
duced a crate which held 24 radiators, packed easily, and could be 
handled by fork-lift from the shipping room all the way to assembly 
lines. It formerly took 24 heavy nailed crates and from 24 to 30 hours 
of labor to ready 96 radiators for shipment. Packing the same number 
in Generalift Pallet Crates takes only 4 hours. 

This is only one example of the many packaging problems solved 
every day—at a saving—in General Box Company’s two fine Industrial 
Packaging Laboratories. General Box packaging experts stand ready 
to help you cut packaging costs, too. Write for complete details. 






















































































Find out how other manufacturers are 
cutting packaging costs. Write for your 
free copy of ‘“‘The General Box.” 


Factories: Cincinnati; Denville, N. J.; 
COM PA N Y Detroit, East St. Louis, Kansas City, Louis- 
ville, Milwaukee; Prescott, Ark.; Sheboy- 
1877 Miner St., gan; Winchendon, Mass.; General Box 


ce Company of Mississippi, Meridian, Miss.; 
A * * * * * } Des Plaines, il. Continental Box Company, Inc., Houston 






































ENGINEERED SHIPPING CONTAINERS FOR EVERY SHIPPING NEED 
oe Cie ere ry ® Corrugated Fiber Boxes Ce isl al -t- 8 
Moo Matt oee dette Se tied Tal et else ba Ty 















and operations assignments: Paul L. 
Chamberlain, general manager, broad- 
cast equipment; H. Brainard Fancher, 
head of germanium products, and 
James E. Keister, as manager of en- 
gineering; Harrison VanAken, general 
manager, communication equipment, 
and Charles M. Heiden, manager of 
engineering. Marketing and engineer- 
ing operations of the germanium prod- 
ucts unit are located at Electronics 
Park and its manufacturing operations 
in Clyde, N. Y. 


Third plant construction this year 
for General Electric Co. Tube Dept. 
is under way at the company’s re- 
ceiving tube plant, Tell City, Ind., 
where expanded manufacturing facil- 
ities in a 44,000 sq ft addition, will 
allow component parts and mounts for 
receiving tubes to be processed on 
the spot. 


Joseph T. Ryerson & Son, Inc., 
Chicago, expects its nearly completed 
construction on its Jersey City steel 
service plant to allow at least partial 
functioning of facilities by January 1. 
Two new building units which will 
bring the total steel facilities to 355,- 
000 sq ft are located on an eight-acre 
property near the present plant at 203 
Westside Ave., Jersey City. 


Bids on obsolete equipment at Gen- 
tile Air Force Depot, Dayton, Ohio. 
will be received by Col. Leslie G. 
Mulzer, depot commander, through 
November 3, with bids being opened 
at 9:00 A.M. on November 4. More 
than 40,000 cathode tubes (5 B-P 1). 
originally valued at approximately 
$527,000, and 400 APQ-7 antennas, 
originally valued at approximately 
$840,000 when built for radar bomb- 
ing missions during World War HU, 
will be disposed of in bulk lots. Bids 
should reach the Property Disposal 
Div., Wright Patterson Air Force 
Base, Ohio, on or before the Nov. 4 
deadline. 


Plax Corp., West Hartford, Conn., 
producer of plastics sheet, rod, tubing, 
squeeze bottles, and film, gets an $8 
million lease on life through an in- 
vestment of Owens-Illinois Glass Co., 
Toledo, Ohio, in this formerly wholly- 
owned subsidiary of Emhart Mfg. Co. 


One of the oldest manufacturers of 
hand tools in the U. S., Billings & 
Spencer Co., Hartford, Conn., has 
purchased the common stock of 
Peck, Stow & Wilcox Co., Southing- 
ton, Conn., thus adding to the B & S 
products the “Pexto” and “Worth 
lines of machines and tools for sheet 
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'¢ a completely new 
Here Film -Type | 






More rugged! More stable! 


If you’re looking for a resistor with unusually high 
electrical stability, here’s your answer—Corning 
Resistors. 


Rhett TT) 


The film material is entirely new for resistors. 
Fired in at red heat, it makes an integral contact 
with the heat-resistant base to form a tough bond. 


tT Pye 


The result is a rugged unit with exceptional stabil- 


MeekiL tt tre 


a 


ity, and capable of withstanding high ambient, high 
operating temperatures. 

The resistive element of Corning Resistors is so 
stable it can be cycled from near absolute zero to 


red heat without impairing its electrical properties. For maximum precision—Corning Type N Resistors—Where 


Fired-in silver bands afford low resistance, low noise accuracy is important, Corning Type N Resistors have a 
resistance tolerance of 1%—are ideal for use in critical, 
terminations. low tolerance circuits and high frequency applications. 


EA : — : ; Can be operated at ambient temperatures up to 140° C. 
The mechanical strength of Corning Resistors 







. Specifications—Corning Type N Resistors 
makes usual handling precautions unnecessary, sec oe 








"Se , SIZE RESISTANCE 
lowers assembly costs. Mass-produced on automat- Power | Min. Max. | 
: Rating | Length Diameter fatal Pac 

ic machinery, prices are practical. If you use re- es eemares ee ae a ; 
: P ; | en 14, Watt | 1% 1164 10 10,000 | 
sistors, you can’t afford to overlook this important l , 10 40.000 | 


20 


mation you need. Mail it today! For high temperature operation—Corning Type $ Resistors 
Capable of operating at ambient temperatures up to 
200° C., Corning Type S Resistors have an unusually 
low temperature coefficient of resistance. They operate 
at higher power levels—afford important space savings. 
Corning Load Resistors Thin film construction and inherent stability provide 
excellent high frequency characteristics. Normal resist- 
ance tolerance is 2%. 


new development. The coupon will bring the infor- 100,000 


These RF and high frequency load 
resistors combine high power dissipa- 
tion with exceptional stability and 
low inductance. For dummy loads, 












Specifications—Corning Type S Resistors 












SIZE RESISTANCE 
they can be used with forced air or a | oy j pe Vin. Max. 
water cooling. Corning Load Resis- ating ae a) (oles) (ohms) 
tors can be furnished with resistive 1 Watt | 1945” 114.4” 10 10,000 


coatings either inside or outside the 













Lnat-resists PS 2 1946” 1964” 10 40.000 
eee ee 4, | 2146" 1964” 20 100,000 








pee _ 
e ~ CORNING GLASS WORKS, Dept. EM-11, Corning, New York 
Corning Glass WOPKS 5... 0.65. sieision on ! 
New Products Division (1 Corning Type N Resistors, [1] Corning Type $ Resistors, [) Corning Load Resistors | 

i Name .. Title | 

Corning meant aatearch ic Glass | Goninne: « 
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Precision 
| SWITCHES 


for every use 


The basic precision snap-acting 
switch for control of electric cir- 
cuits; solder-lug terminals. UL listed 
ot 15 amp. 125 volts a-c. 


TYPE MXM-1 
Safety interlock 
switch with auto- 
matic ‘‘cheater re- 
lease”. 


TYPE MXT-1-Z-131 
Has_hinged-leaf 
actuator with ad- 
justable operating 
point. 


TYPE MX-5 
Basic switch with 
integral screw ter- 
minals. 


KMXB-2EF 
In metal case, 
with plunger seal- 
ed against dust 
and moisture. 


KMXR-2EB 


In metal case, 
with roller-style 
over-travel plung- 
er. 


TYPE MXR-1 


With _ roller-style 
over-travel plung- 


For detailed charac- 
teristics of these and 
many more Unimax 
precision switches, 
write for your free 
copy of our latest cat- 
alog. 


UNIMAX SWITCH 


DIVISION OF THE W.L. MAXSON CORPORATION 


460 WEST 34th Shy) NEW YORK 1,N. Y. 


| | 
| : 


oo] 











metal working. In the re-shuffle of 
corporation officers and_ directors, 
Mark J. Lacey, Peck, Stow & Wilcox 
president, becomes chairman of the 
Billings & Spencer board whose pres- 
ent director will serve both companies. 
Samuel G. Wilcox, Pexto executive 
v.p., also remains a director. Roland 
J. Ahern, Billings’ president, will 
serve as chairman of the Pexto board. 


Southern Electric & Transmission 
Co., Dallas, formerly a partnership of 
L. E. Adler & Sons, has dissolved this 
relationship to become a division of 
Stromberg-Carlson Co. Present plans 
call for continued operation of South- 
ern Electric in Dallas. The company 
manufactures carrier electronic equip- 
ment for the independent telephone 
industry and for gas and oil pipe line 
systems. 


Magnetics, Inc., has expanded 
product lines into the field of mag- 
netic laminations, and claims to be 
the first to offer a “performance- 
guaranteed” product. 


Builders Iron Foundry, Providence, 
R. L., feeling it has outgrown its 100- 
year-old name, will henceforth be 
known as B-I-F Industries, Ine. Asso- 
ciated with B-I-F are Builders-Provi- 
dence, Inc., an instrument firm, 
% Proportioneers, Inc. %, producers 
of liquid chemicals, and Omega Ma- 
chine Co., producing chemical feeders. 


RCA Victor Div., Radio Corp. of 
America, has a new warehouse in 
Dallas to serve distributors of RCA 
electron tubes, component parts and 
other products in the Southwest. Ad- 
dress is 130 Express St. Manager, John 
Cavallaro. 


Wilcox-Gay Corp., Brooklyn, N. Y., 
announces construction of two addi- 
tional one-story buildings adjoining 
their Charlotte, Mich., plants to han- 
dle increased production on magnetic 
tape recorders and recorder acces- 
sories. This gives the company 25,000 
sq ft of additional space. 


Aerovox Corp., New Bedford, 
Mass., has just merged its two largest 
divisions, joining the Cleveland Wilkor 
resistor manufacturing operation and 
the Hi-Q Div. ceramic capacitor oper- 
ation in the Olean, N. Y., plant. Hi-Q 
Div. in the future will have two 
operating units—ceramic capacitor 
production, and Wilkor precision re- 
sistors and choke coils. An additional 
several hundred workers will be taken 
on for the Wilkor work. Wilkor’s en- 
gineering and research departments 
will move to the Franklinville, N. Y.., 
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(Advertisement) 


Indicating Meter 
Gives Automatic 
Direct Control 


This Contact Meter Relay provides 
sensitive, direct control for alarm and 
automatic shut-off, or continuous on- 
and-off circuit interruption on 1) uA 
or 0.1 MV. 


It operates direct on the low power 
(0.2 microampere, 0.1 millivolt) out- 
put of photo cells, resistance bulbs, 
and thermocouples without _inter- 
mediate circuitry, and will provide 
hi-limit, lo-limit, or hi-and-lo-limit 
control. 


3 meter sizes: 
451-C — 42” 
351-C — 3%" 
261-C — 212" 


Model 451-C 


Platinum alloy micro-contacts are 
mounted on the jeweled moving coil 
armature-type indicating movement 
and stationary indicator. The con- 
tacts lock in by a holding coil in the 
relay at the pre-set value to close the 
control circuit. The meter resets elec- 
trically requires no solenoid or 
pusher. 


The contacts are released by inter- 
rupting the locking circuit, either 
manually or by automatic interrupt- 
er. The contact locking arrange- 
ment assures positive contact without 
floating or contact shatter. Spring 
action provides clean break. 


Model 451-C (shown) has a full 
scale 4” 90° arc with ranges of 0-20 
microamperes or 0-5 millivolts. It is 
also available in compensated tem- 
perature millivoltmeters. | Models 
351-C and 261-C also have a full 90° 
arc. The meters are sensitive to 
changes of less than 1% of scale 
range. Differential between make and 
break is less than 1%. 


Contact Meter Relays are used in 
electronic equipment, industrial 
speed-feed controls, chemical process 
titration and temperature controls, 
radiation warning and control de- 
vices, digital computors, auto-switch- 
ing of standby microwave equipment 


Unbreakable clear plastic case and 
large-scale easy-rcading dial with 
rugged shock-resistant construction. 
For further specifications write Of 
call Bradley Thompson, Assembly 
Products, Inc., Chagrin Falls 88, 
Ohio. Phone Chagrin Falls 77374 
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TRUSTWORTHY 
TRANOMISSION 


For Every HF > VHF + UHF Application 


~~ 
—_— 








MARINE 
‘al -crapgd Poi ; , 
a = With / eder al 5 


QUALITY-CONTROLLED 


GUAXIAL CABLES 


Whatever your field of application ... whatever your trans- 
mission line requirement... Federal is ready to serve you. 
If the cable you need doesn’t exist, Federal will cooperate 
with you in developing and producing it in any quantity! 
Federal offers you one of the nation’s most diverse stocks 
of RG type cables— including the Federal-developed low- 
temperature, non-contaminating thermoplastic jacket. 
Quality-controlied throughout the entire manufacturing 
process, Federal cables bring trustworthy transmission to 
every electronic application ... plus top flexibility and 
superior resistance to abrasion, weathering and corrosion. 
Before you specify cable—or complete cable assemblies 
—for any general or military application, get the facts and 
figures from Federal. We have the answer or we can get it! 


FEDERAL HAS A NEW CABLE CATALOGUE 


This new 28-page buying guide contains 





a world of up-to-date information on 

Federal’s quality-controlled cables, plus 

IR fer numerous useful tables and diagrams. For 

RADAR, PULSE, your free copy, write to Federal today, 
EXPERIMENTAL EQUIP- Dept. D-716. 


MENT AND SPECIAL TYPES 





Manufacturer of America’s most complete line of solid dielectric cables 






A federal Teleph Radio © 
_\ ederal Jelephone and Kado company 
oe SELENIUM-INTELIN DEPARTMENT * 100 KINGSLAND ROAD, CLIFTON, N. J. 
47:3", In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. 


Export Distributors: International Standard Electric Corp., 67 Broad St., N. Y. 
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C-D’s new 
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This is the steatite-cased capacitor 
rated “tops” by set manufacturers. An 
ideal unit for critical industrial users, 
experimenters and researchers. 


Unequalled for its ability to resist 
humidity. 


You can’t pick a better capacitor for 
hi-fidelity and hi-frequency applications. 


Available in all popular capacity and 
voltage ranges. Engineering samples 
gladly sent for your inspection. And don’t 
forget our special Technical Advisory 
Service for your particular capacitor 
problems. Bulletin NB-154,o0n request. 


Cornell-Dubilier Electric Corp. Dept. H113. 
South Plainfield, New Jersey. 






















CORNELL 






PLANTS IN SOUTH PLAINFIELD. N. J.: NEW BEDFORD. WORCESTER AND CAMBRIDGE. MASS ; 


There are more C-D capacitors in use 


N\ today than any other make 






INDIANAPOLIS. IND FUQUAY SPRINGS AND SANFORD, N. C.: AND SUBSIDIARY. THE RADIART CORPORATION. CLEVELAND 
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plant, the machine shop and produc. 
tion engineering departments relocat. 


PROVIDENCE AND HOPE VALLEY. R.! 





ing in both the Franklinville and 
Myrtle Beach, S. C., plants. Wilkor 
Products, Inc., was acquired by Aero- 
vox in 1951 and became a division of 
the parent firm in 1952. 


Expansion of Fiberite Corp.’s plant 
facilities is scheduled to follow the 
firm’s acquisition of the formulations 
and procedural data for the manufac- 
ture of medium-high-impact and high- 
impact plastic materials formerly pro- 
duced at the Bound Brook, N. J., plant 
of Bakelite Co. The Winona, Minn, 
company manufactures cellulosic-min- 
eral- and glass-filled thermosetting 
plastic compounds. 


A Specialty Control Dept. has been 
initiated at the General Electric Co, 
Schenectady Works, with responsi- 
bility for industrial electronic, regu- 
lator, and aircraft control equipment. 
Dr. Louis T. Rader has been ap- 
pointed general manager, and H. L. 
Palmer, manager of engineering. 


The new magnet plant of Carboloy 
Dept. of General Electric Co., De- 
troit, made its bow in October at 
little Edmore, Mich., where the in- 
dustry’s 450-person payroll will in- 
clude many of the town’s 800 citizens. 
Two acres of floor space, 1'2 mi of 
conveying systems, and push-button 
controls speed the job of producing 
some 2200 types of magnets used for 
purposes ranging from military radar 
to magnetic hardware for the kitchen. 
The plant’s foundry will use the lat- 
est methods of transforming metal 
powders into solid metals, and shap- 
ing the molten product. 


Quaker Rubber Corp., Div. of 
H. K. Porter Co., Inc., Philadelphia, 
has established under supervision of 
James Joyner a new stock-carrying 
factory warehouse and sales office at 
4384 E. Bandini Blvd., Los Angeles. 


Sterling Electric Motors, Inc., has 
moved its Cincinnati sales office to 
2904 Woodburn Ave., Cincinnati 6, 
appointing as district office manager 
John F. Curd, formerly an electrical 
supervisor at General Electric Co., 
Evendale, Ohio. 


PosTcarpDs are provided on page 
261 as a convenience to the read- 
er in obtaining Feature Article 
Reprints, additional data on New 
Components and Materials, and 
manufacturers’ copies of Litera- 
ture for the Asking. 
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Lach SfOp ATA solve all ten 


Here are ten typical fastening problems. One device, the 
ELASTIC STOP nut, solves them all—without additional parts 

or operations. Deliberately undersized in relation to bolt diameter, 
the red elastic collar grips the bolt with a perfect fit, exerting 

a continuing self-locking pressure against the threads, and 

holding the nut securely in place at any point on the bolt. It also 
provides a tight seal against the bolt threads, which prevents 
seepage and wear-producing axial play. And because the bolt threads 
are protected against moisture from without, the nuts are 

not “frozen” to the bolt by corrosion. 


ELASTIC STOP nuts stay tight, right where you put them, in spite of 
vibration and stress reversals. Yet they are not jammed in place, and can be 
removed with a wrench and reused many times. 


For further information on ESNA self-locking fasteners, 
mail the coupon below. 


Wherever a vibra- 
tion or impact proof 
bolted connection is 











desired. 
LOCATED : 
ANYWHERE 
ON THE Spring-mounted con- On make-and-break For bolted connections 
BOLT nections or dynamic adjustment studs requiring predetermined 
balancing, where nut where accurate con- play. 
must stay put yet be tact gaps are re- 
easily adjusted. quired. 





---_—_—_ —_-_-_7 Fe sear belt oe To seal bolt 
—— -- threads where A —— where 
-.-.- @liminati f hee necessary to 
— Sinlinpest onal «irk J protect them from 
V/A correding ele- 


threads is neces- i 
ht sent 










Dept. N40-122 Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 


v 1 & ; a’ 


C Elastic Stop nut bulletin [] Here is a drawing of our product. What self- 


Ao li CD Rollpin bulletin locking fastener would you suggest? 


Name i a 
TRADE MARK Firm 
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Abstract and Comment 


Motors for Fans and Blowers 


Type OF Motors suitable for fan and 
blower drives were discussed at the 
AIEE Conference on the “Application 
of Motors to Air Moving Equipment,” 
held at Ft. Wayne, Ind., October 6-7. 
T. E. M. Carville, manager smal] in- 
dustrial motor engineering, Westing- 
house Electric Corp., led off with a 
review of NEMA standards on all types 
of applicable fractional- and integral- 
horsepower motors. R. W. Morgan, 
director of engineering, Fedders- 
Quigan Corp., dealt with some of the 
problems arising in the application of 
shaded-pole motors to room air condi- 
tioners. M. D. Irwin, Carrier Corp., 
dealt with the same subject more 
broadly. His presentation is abstracted 
at length elsewhere. 

Several speakers like A. E. Water- 
man, James Mfg. Co., described fan 
applications such as to farm buildings, 
rather than motor selection. Power 
characteristics of fans were reviewed 
by H. D. Diffenbaugh, American 
Blower Corp. Similar design data on 
vane-axial fans for unit heaters were 
presented by A. Currie, L. J. Wing 
Mfg. Co., who also discussed a pro- 
posed new method of sound rating. 
W. A. Rockafield, The Brundage Co., 
traced the development and applica- 
tion of furnace fans. Some specific 
comments on motor selection are ab- 
stracted below. 


Shaded-Pole Motors Favored 


Up until World War II, many 
manufacturers of domestic fans were 
using so-called standard production 
NEMA frame motors, according to 
Wm. H. Wentling, assistant chief en- 
gineer, The Lau Blower Co. Most of 
these fans were operated at synchro- 
nous speeds of 1750 and 1140 rpm, 
a few at 860 rpm, but with very low 
air output. Compared with today’s 
product, these fans were heavy, noisy, 
and equipped with guards that were 
neither finger-proof nor attractive in 
appearance. 

In the last few years, the use of 
shaded-pole motors has become almost 
universal in direct-driven fans with 
blades up through 20 in. in diam. 
Some reasons for this trend are their 
comparative low initial cost, lighter 
weight, compactness, and ease of 
speed control. 

In the beginning of this trend, most 
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of the motors used were of the 4-pole 
type, running at 1500 rpm. However, 
at the present time most fan design 
engineers prefer the 6-pole type run- 
ning at about 1000 rpm for fans of 
over 12 in. blade diam, since it allows 
tip speeds to be kept within the range 
necessary for quiet operation. Fur- 
ther, the use of 5 or 5% in. diam 
laminations allows the motor design 
engineer to shorten his lamination 
stack length and design a fan which 
has a thin, attractive appearance. 

The types of fans using shaded- 
pole motors are portables, circulating, 
window, pedestal, mobile and hassock. 
By virtue of their size and design, 
they are used in close proximity to 
the persons requiring comfort. There- 
fore, they must be attractive, efficient, 
quiet, light in weight, and sensibly 
priced. Many of them require UL ap- 
proval, which in the case of the 
window-type fan requires the unit to 
pass a rather severe rain test. 

Despite the additional costs of belts, 
pulleys, shafts and bearings, window- 
type fans in blade diameters of 20 to 
30 in. are belt driven in order to limit 
the tip speed to 4000 fpm for quiet 
operation. Today such fans are using 
for the most part special-purpose mo- 
tors developed from the high produc- 
tion washing machine motor. Their 
rotors, stators, shafts, starting switches, 
etc., are identical. 

Most of the improvements over the 
basic washing machine motor were the 
outgrowth of Underwriters’ Labora- 
tories requirements. Drip-proof end 
frames as well as double varnish dip 
and bake on the windings were neces- 
sary to pass the rain test. The per- 
formance of this type of motor can 
be improved if the fan designer can 
provide sufficient air over motor to 
maintain a 50 C rise while operating at 
above normal nameplate rating input. 

In addition to the  single-speed 
model many manufacturers are now 
offering belt-drive window fans in 
two-speed models, and two-speed re- 
versible models. 

The designer of attic-type exhaust 
fans has somewhat more latitude 
where motors are concerned, Mr. 
Wentling stated, since appearance and 
size are of less importance than in the 
case of the portable, or window fans. 
Size and weight are still important 





insofar as ease of installation, ship- 
ping, ete., are concerned. However, 
NEMA standard production _ split- 
phase, capacitor start, dual voltage, 
ball bearing motors can usually be 
used. The attic-type fan is almost 
always belt driven for the same rea- 
sons as the belt-driven window fans. 
They are offered in sizes from 24 in. 
blade diam to 48 in. blade diam, 
with capacities from 4000 to 20,000 
cfm, and with motors from ¥% to %4 hp. 

The vertical panel horizontal dis- 
charge type attic fan is usually sup- 
plied with a sleeve bearing motor in 
either single or dual voltage. The 
horizontal-panel type fan is usually 
equipped with ball bearings on the 
fan shaft as well as the motor shaft. 
Since the fan is installed in a remote 
location, Underwriters’ Laboratories 
and most local electrical codes require 
that the motor be equipped with an 
approved thermal overload protector. 
In addition, some local codes require 
some type of thermal line cutout 
switch in the air stream between the 
ceiling grille and the fan to disconnect 
the line in case of fire. 


More Two-Speed Motors 


There is a definite movement to- 
ward the use of two-speed motors on 
both of these types of attic fans, with 
the advantage of reduced air move- 
ment on moderate days in the Spring 
and Fall. Some motor manufacturers 
have experienced difficulty in obtain- 
ing thermal overload protectors for 
two-speed motors which would pass 
the Underwriters’ Laboratories _ re- 
quirements. 

Engineers designing fans in the 
circulator, hassock, portable and small 
window fan class, would like to have 
available for tests, both 6- and 8-pole 
shaded-pole motors of a special de- 
sign, Mr. Wentling reported. This de- 
sign would provide a_ stationary 
“rotor,” probably wound, in a rotating 
“stator.” The motor would be mounted 
by its foreshortened shaft and_ the 
blades would be affixed to the outer 
case, allowing for more compact fan 
design. It is imperative that shaded- 
pole motor designers redouble their 
efforts to reduce the inherent hum 
and vibration as well as to increase 
the efficiency. 

If the larger window fans, 24 in. 
through 30 in., were to use direct- 
driven blades, in order to keep the 
tip speed below the 4000 fpm level 
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Hauer HPT TS CO 


Use of these fabulous Industrial Gems has made it 
possible for man to penetrate the deepest core of the 
earth in search of treasures of mineral and oil. To 






























precision grind and cut metals to microscopic toler- 
ances. Truly changing the course of history. 





so TOO, 
GEMCO ELECTRIC, 


. «+ through its designing, electroneering, research and develop- 
ment, is changing industrial history. 


Manufactured for ‘The Denison Engineering Company'’ to operate 
hydraulic presses in the highly explosive atmosphere of an arsenal, 
this GEMCO NEMA 9 Explosion Proof Enclosure contains, in one 
unit, controls ordinarily housed in several. By putting starter, relays, 
transformer and timer in a single enclosure, GEMCO has elimi- 
nated installation and maintenance costs. All controls are easily 
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accessable in this one unit, easy to open enclosure. 


engineering and 
GEMCO NEMA 7 and 9 Explosion Proof Enclosures are beautifully designing departments 


designed, rugged and safe! Made of iron or aluminum castings, or welcome your inquiries. 

other metals, they can be equipped with controlling devices to We will be 

your specifications. There is a GEMCO STANDARD or CUSTOM happy to help you - 
enclosure to fit your every need. solve your problems. aS 


Control Panels— Electric Gages— Limit Suttehes 
GEMCO ELECTRIC CO. cerroir ts, mic. 








Precision is a foremost factor in the manufacture of paper tubing. 
That is why PRECISION Paper Tubes are constructed within 
minutely close tolerances, using only the finest materials. Rigid 
inspection and testing assure exacting adherence to specifications, 
as well as maximum insulation, moisture-resistant and heat- 
dissipation characteristics. Spiral winding and die-forming under 
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pressure provide 15 to 20 percent greater strenzth. Available in 
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d ifi , ; ‘ : 
/ Sen eee etantiens Fee kraft, fish paper, acetate, combinations or phenol impregnated 
/ a tue sempln ant Oe: for new materials . . . any shape, length, ID or OD. You get extra quality 
‘ Arbor List of over 2000 sizes in PRECISION Paper Tubes . . . at no extra cost. 
G iV PRECISION PAPER TUBE CO. 


PRECISION 2035 W. Charleston St., Chicago 47, Ill. Plant No. 2, 79 Chapel St., Hartford, Conn. 
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Better Wire Twisting 
in 13 the time with 


ROBINSON WIRE TWISTERS 


You can save two-thirds of your 3.¢90ls-in-1] 
present wire twisting labor costs 

and be certain of perfect, uniform 

twists every time. Biggest users, Pliers... cutters... 


so far, are manufacturers, airlines, 
and military air bases for safety 
wiring of aircraft engine assem- 


blies. 


action and 
wasted in changing tools, allows 
average workers to wire three en- 
gines in the time required for one 
by any other method. 
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The split-second whirling 
elimination of time 


ditional 





twisters. Easy 
and natural to use. Precision qual- 
ity tool with permanent bronze 
bearing and oil tempered head. 9 
and 12 in. length — $18.50 and 
$19.50, FOB, Sacramento. Uncon- 


money-back guarantee. 


Box 


Write for details and list of users, 
or send trial order direct to manu- 
tacturer. 


RALPH C. ROBINSON CO. 


494-3311 


No. Sacramento 15 


California 
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HAS ALL THESE FEATURES 


applicable to both AC carrier and DC 
servo systems 


built-in low frequency sine wave gener- 
ator for obtaining frequency response of 
DC servo systems 


built-in electronic sweep with no sweep 
potentiometer to wear out and require 
replacement 

dynamic frequency control range of 200 
to l 


versatile, time-saving 


| SERVOSCOPE is 


test instrument for 
| use in the develop- 


| ment of all types 


of Servo-mechanisms 


and Process 
Controls. 


Write for bulletin 
giving complete specifications 
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CORPORATION 


NEW HYDE PARK, NEW YORK 








split-phase motors, if used, must be 
of the 8-, 12- and 16-pole design. So- 
called “pancake type” motors in the 
8-pole design are not of a size, weight 
and price to make them attractive to 
the average fan engineer at present, 
This condition can be attributed, jn 
some measure at least, to low produc- 
tion volume. Direct drive appeals to 
most fan manufacturers as it reduces 
production operations, and eliminates 
expensive mechanical components. 
The elimination of belt drives also aids 
in the reduction of noise, provided 
suitable motors are made available. 


Evaporative Coolers 


In the West and Southwest, the 
evaporative cooler is considered stand- 
ard equipment for homes and theaters. 
Richard J. Petersen, chief engineer, 
Utility Appliance Corp., described 
such a unit as consisting of evapora- 
tive pads over which water trickles, 
with a fan to blow the cooled air 
through ducts. A good evaporative 
cooler is designed with an efficiency 
of about 80 per cent of the differ- 
ence between dry and wet bulb-tem- 
peratures. For best results a high rate 
of air circulation is desirable. 

Three types of fans are used: Belt- 
driven centrifugal blowers,  direct- 
drive centrifugal blowers and _ propel- 
ler fans. Belt-driven centrifugal blow- 
ers run from about 1500 cfm to 15,000 
cfm with motors % hp to about 3 hp. 
This type is usually connected to duct 
work although the smaller sizes up to 
4000 cfm are often used in windows. 
Motors with resilient bases are used 
where available. For the %4- and %-hp 
sizes, most cooler manufacturers use 
split-phase, sleeve-bearing, — special- 
service motors. The higher starting 
current of this type of motor is not a 
problem inasmuch as these units are 
usually turned on during the day and 
off at night. 

Recently, there has been a definite 
trend toward the use of 2-speed mo- 
tors on evaporative coolers. These 
motors have been available in sizes 
4% to 43 hp at a cost only a few dollars 
above that of a single-speed motor. 
These motors are the split-phase type 
with double running windings so that 
the motor can be operated at either 
4-pole or 6-pole speed. 

The larger motors, % through 3 hp 
are usually supplied as single-phase 
capacitor-start, 115/230 volt, 4-pole 
type. Three-phase motors are also 
used in the larger sizes. 

The application of a motor to an 
evaporative cooler is more severe than 
the application to a blower because 
of the high humidity encountered in- 
side the cooler, frequently approach- 
ing 100 per cent. For this reason, more 
than normal care is required in pro- 
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You know you can count on his help 


When the need was grim and the time was 
short, this man somehow always got there to 
see things through. You called him, knowing 
he would come. 

And this “old-fashioned” idea of responsibility 
and service still lives today, in those individuals 
and enterprises that have been fortunate enough 
to inherit it. It governs this enterprise, for one, 
in its relationships with all those who depend 
on it for knowledge, integrity, and willing ac- 


ceptance of full responsibility in time of need. 
We honor these men with missions, because we 
understand them well. 


The BRISTOL BRASS CORPORATION, makers of 
Brass since 1850 in Bristol, Conn. Offices or 
warehouses in Boston, Chicago, Cleveland, Day- 
ton, Detroit, Los Angeles, Milwaukee, New York, 
Philadelphia, Pittsburgh, Providence, Rochester. 
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1 TO 250 HORSEPOWER (w.€.m.s. stanparos) 


Extra large 


One-piece 


cast iron 


channels. 
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HEART of the motor 


The WINDING is the 
1. Extra insulation in stator slots 


and between phases. 


3. Extra high-frequency testing 
of insulation between turns. 


Permanently 


grease lubri- 


aligned cast 


iron brackets. 


2. Extra impregnations and bak- 


cated bearings. 


ings of the wound stator. 


Also a complete line of Direct Current motors and generators 


QUALITY SINCE 1880 
WRITE TODAY FOR NEW ILLUSTRATED CATALOGUE NO. 1166 


@ vynamic 
DIVISION OF GENERAL DYNAMICS CORPORATION 
BAYONNE, NEW JERSEY 
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tecting the motors against rust and 
corrosion. 

The direct-drive blower has the ob- 
vious advantage of eliminating the 
need for pulleys, belts and extra 
bearings. These units normally use 
6-pole shaded-pole type motors in a 
range of 42 to % hp. Speed control 
can be obtained by means of a reactor 
in the line, or by using a tapped 
winding. 

The shaded-pole motor has the ad- 
vantages of simplicity of design, ease 
of speed control and low starting cur- 
rents. Their one fault is their low 
efficiency. This is not a problem with 
the smaller sizes since the operating 
cost is small, but with the trend to- 
ward the use of % and %-hp motors, 
operating costs may become a prob- 
lem. Possibly a permanent-split-capac- 
itor motor could be mass produced at 
a price not too much above that of 
the shaded-pole motors, Mr. Petersen 
suggested. 

The propeller-fan type evaporative 
cooler is normally placed in a win- 
dow. They range in size from small 
units with 10 in. fans and !xo-hp 
motors to units with 16 in. fans and 
\4;-hp motors. The motors commonly 
used are 4-pole shaded-pole type. 
Some cooler manufacturers have 
2-speed models available. These use 
either a motor with a special tapped 
winding or a standard motor with a 
reactor in the line. 


UL Standards 


In discussing Underwriters’ Labo- 
ratories requirements on electric fans, 
W. H. Farrell recalled that the first 
UL Standard for Electric Fans, issued 
in 1935, covered only desk, ceiling 
and wall fans. Since then revisions and 
additions have been made to permit 
recognition of air circulators, hassock- 
type fans, pedestal fans, window-type 
ventilating fans, attic fans, wall and 
ceiling insert type fans, canopy and 
hood-type fans, blower units, and 
heating-ventilating units. In determin- 
ing the acceptability of these fans con- 
sideration is given to the intended use 
of the fan under any normal or ab- 
normal condition expected in use. 

An example of external conditions 
having a direct bearing on the safety 
of the complete assembly is a can- 
opy or hood-type of fan, intended for 
installation over cooking equipment. 
Wiring likely to be exposed to oil, 
grease, or oily vapors is required to 
have insulation suitable for such use. 
The motor of such a fan must be en- 
closed or located to prevent the oily 
vapors from entering the enclosure. 
Filters, if provided, must be located 
on the air intake side of the motor, 
and must be readily removable. 

Wall insert-type fans intended for 
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asbestos insulated wire and cable for 
your power supply requirements 





Rhode Island’s broad range of asbestos-insulated 
Besto-Wire includes a variety of fixture wires, U. L. 


approved for 300-volt service at 150° C... 








switchboard cables for 600 volts at 125° C.... heater 
cords for all types of appliances ...spec ially 
constructed range wires for easy stripping 
s . and high heat applications. 
, Write Dept. EM-11 
today for new Besto-Wire ...time tested for consistently 
, illustrated brochure fine performance. 
0 
; 
y NATIONAL SALES OFFICES: 624 SOUTH MICHIGAN BLVD. + CHICAGO 5, ILLINOIS +» HARRISON 7-6050 
RHODE ISLAND INSULATED WIRE COMPANY, INC. 
20 BURNHAM AVENUE « CRANSTON ¢« RHODE ISLANID 
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To any man wanting to gain the full benefits of 
Teflon, Polymer offers this complete service . . . 

















1) Technical Help in Application: Polymer 
controlled quality Teflon is the result of 
Polymer Corporation’s early pioneering in 
the field of extruded specialty industrial plas- 
tics. At your request, Polymer engineers will 
work with you on the newest ideas and tech- 
niques to apply and fabricate POLYPENCO 
Teflon easily, economically. 



























































fe Dependable delivery of shapes and parts 
to meet your specifications: Polymer offers 
complete stocks of POLYPENCO Teflon rod, 
tape, tubing and slab. In addition, you can 
also get quick delivery of controlled quality 
Teflon parts fabricated to your individual 
specifications. 
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Ask for these quick facts 
on Teflon — how {t is 
applied and prices on 


Excellent Stability 
- 

Water Repellent 
. 
Chemically Inert 
e 
Excellent Electrical 


Insulation Properties at 
High Temperatures and 
High Frequencies 
e 
Low Dielectric Loss 


Low Temperature 
Impact Strength 





For the kind of “‘shirt sleeve’ help that goes right to work in helping 
you apply and use POLYPENCO Teflon, take this step now: Drop 


us a line on your company letterhead for full details. No obligation, 
of course. 






POLYPENCO’ TEFLON 






and other industrial non-metallics 
stock shapes, finished parts 


also available to your specifications 


Reading, Penna. 


*registered trademark of the Du Pont Company 





Help for DESIGNERS who can use these — 
properties of POLYPENCO® TEFLON* 








use in exterior walls, and window 
ventilating-type fans are investigated 
for their suitability when exposed to 
high humidity and rain. Insulation re- 
sistance and dielectric strength meas- 
urements are obtained after the device 
is subjected to 85 per cent relative 
humidity at 30 C for a 24-hr period 
with the fan not operating, and after 
being subjected to a water spray rep- 
resenting a driving rain directed at 
an angle of approximately 45 deg for 
4 hr, with the fan operating or not, 
depending on the worse condition. 

Blower units for installation within 
the casing of warm-air furnaces or 
air-conditioning units, are required to 
have motor overload protection pro- 
vided as an integral part which will 
limit the temperature of the motor 
to 150 C under stalled-rotor condi- 
tions. Overload protection may _ be 
provided by a current responsive de- 
vice mounted on the unit itself, not 
necessarily on the motor, or devices 
integral with the motor responsive to 
motor current, temperature, or motor 
current and temperature. Attic-type 
ventilating fans also are required to 
be provided with motor protective 
devices. 

Automatic heating-ventilating units 
consisting of motor-operated air cir- 
culators and hot water or steam radi- 
ators are required to have motor pro- 
tection similar to that provided on 
attic-type ventilating fans. A nonauto- 
matic or manual-type unit within sight 
of the operator at the time of starting 
is not considered to present the same 
potential fire hazard as does the auto- 
matic or remotely installed unit. 


Motor Protective Devices 


Where overload protective devices 
are required for use in fans, con- 
sideration must be given to new con- 
ditions created, such as casualty haz- 
ards, operation under short-circuit 
conditions, and are-rupturing ability. 
If an automatic reset type of protec- 
tive device is employed, the automatic 
restarting of the motor must not re- 
sult in any hazardous condition. The 
selection of a motor protective device 
must allow the fan to start and run 
without tripping the branch circuit 
fuse or circuit breaker, or tripping 
the overload protector. A motor over- 
load protective device must not ignite 
combustible material when subjected 
to a short circuit limited to 200 amp 
for a motor rated %2 hp, or less, 250 
volts or less (1000 amp for over % hp 
or over 250 volts) when connected in 
series with the proper size branch 
circuit fuse. The contacts of the pro- 
tective device must be suitable for 
interrupting the stalled-rotor current 
of the motor employed. 

Based on field surveys made in 
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... your problem? 


Long experience in the development of precision instruments 
enables Ketay to manufacture Synchros, Servos and Resolvers 
to meet the cycling humidity requirements of MIL-E-5272 


As a leader in the use of corrosion resistant materials 
in Synchros, Servos, Resolvers, Control Equipment and 
related instruments, Ketay has enormously broadened 
their usefulness for both the government and industry. 


Ketay has built an outstanding record as originators 
of units to meet individual specifications. Ketay engineers 
will be glad to discuss your requirements. 


—_Ketay—— 
MANUFACTURING CORPORATION 


Executive Offices 
555 Broadway # 
New York 12, N. Y. 


West Coast Sales 
12833 Simms Avenue 
Hawthorne, California 
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CORROSION RESISTANT UNITS 


Ketay offers a complete line of Corrosion 
Resistant Instruments, four of which are pic- 
tured above. From left to right they are: 


@ Synchro, Size 23, Frame O.D. 2.250”, 

26 V and 115 V 400 & 60 Cycles. (Trans- 
mitter, Receiver, Resolver, Differential, 
Control Transformer) Also available in same 
frame size: Servo Motor—115 V 60 Cycles. 


@ Synchro, Size 15, Frame O.D. 1.437”, 

26 V and 115 V 400 Cycles. (Transmitter, 
Receiver, Resolver, Differential, Control 
Transformer) Also available in same frame 
size: Servo Motor Mk 7—115 V 400 Cycles. 


@ Synchro, Size 11, Frame O.D. 1.062”, 

26 V and 115 V 400 Cycles. (Transmitter, 
Receiver, Resolver, Differential, Control 
Transformer) Also available in same frame 
size: Servo Motor Mk 14—115 V 400 Cycles. 


@ Synchro, Size 10, Frame O.D. .937”, 

26 V 400 Cycles. (Transmitter, Receiver, 
Resolver, Differential, Control Transformer) 
Also available in same frame size: Servo 
Motor——26 V 400 Cycles. 


Send for illustrated Catalog today! 
DESIGN 


DEVELOPMENT 


MANUFACTURE 
.+.Of precision instruments 
components, systems. 
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Particularly in view of the constant increase in the 
use of automatic machinery the good performance 
of the electrical wiring becomes more and more 
For obviously no machine performs 
better than the controls that operate it and no con- 
trol is better than its wiring. Good wiring thus be- 
comes essential for top performance and to main- 
tain efficient production schedules that result in lower manufacturing 
costs. To make sure that Lowell wires will meet or surpass all indus- 
trial requirements, Lowell’s Inspection Department makes numerous 
tests to determine the physical and electrical characteristics of both 
the conductor and the insulation. 


important. 


That is why Lowell wires can be depended upon to give top per- 
formance and maintain uninterrupted production at the lowest cost 
compatible with quality. Lowell’s staff will cooperate closely to 
select the type of wire best suited to your own specific requirements. 


Write today about your requirements. 


'*Fine 


Wires 





Only’’ 


Telephone Wires — Flexible and Portable Cords — 
Machine Tool Wires — Magnet Wires — Special Wires 





motor repair shops in the South, it 
was reported by W. L. Hirshberg, Jr,, 
of Spencer Thermostat Div., that fan 
and blower motors are among the 
group involving the highest percent- 
age of winding burnout and therefore 
need inherent overheat protection, 
The survey indicated that inherent 
protection reduced burnouts among 
all classes of motors by 80 per cent. 
Of 169 fan motors with burned out 
windings, only 17 had inherent pro- 
tection. Some of these burnouts were 
caused by abuses such as bypassed 
protectors and grounds or shorts, 

Doo 


Requirements of Air 
Conditioning Fan Motors 


M. D. Irwin, Carrier Corp. 


IT Is PROBABLE that sales of packaged 
air conditioning equipment during 
1953, will have reached the follow- 
ing totals by the year’s end: Room air 
conditioners, 950,000; self-contained 
units (for commercial use), 70,000; 
and residential units, 50,000, or a total] 
of 1,070,000 units. With an average 
of almost 242 motors per unit (includ- 
ing the compressor driver) this repre- 
sents a total of over 2% million motors. 
If the predicted rate of growth is 
applied, it is expected that in 1954, 
a total of about 3% million motors will 
be required, with steady growth con- 
tinuing upward. 

In the room air conditioning field, 
fan motors are being applied in sizes 
from 6 to 14-watt output, through the 
more usual 20 and 35 milli-hp sizes 
up through % hp. In the residential air 
conditioning field, motors are used 
ranging in size from % through % hp, 
while in the self-contained unit field, 
the range is extended up through 3 hp 
and higher. 

On evaporator service fan motors 
are running in clean, dehumidified air 
varying in temperature from 40 to 
80 F. On condenser service, these 
motors are operating in air with nor- 
mal atmospheric contamination vary- 
ing in temperature from 50 to 140 F. 
Here, environmental conditions in- 
clude humidity up to 99 per cent, 
frequently water spray, salt particles, 
sand, alkali dust, sulphurous smoke, 
etc. 

While the cheapest motor is not 
necessarily the best motor, the aif 
conditioning business is becoming 
more competitive and hence the cost 
element is of increasing importance. 
Nevertheless, a potential motor sup- 
plier is judged on the basis of de 
pendability, reliability, overall prod- 
uct quality and the availability of 
motor service on a nationwide basis. 
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the facts behind a high-quality, world-famous line of motors now 
available in America (N.E.M.A. standards) at savings up to 40% 


with these additional features 






@ immediate delivery from stock @ any motor sent free for 
examination and testing 
® unconditionally guaranteed 
® superior design 
® all types and sizes 
up to 230 H.P. ® offices in principal cities 





The first fact is that motors are our business, our 
only business. Since 1935 we’ve sold more than 
two million motors in 62 countries. And we're 
making and selling a larger volume than ever right 





DESIGN FEATURES now. NEWMAN MOTORS have aé_e world-wide 
Totally Enclosed Fan Cooled Type keeps reputation. 

“a eee oe Another fact is that economics favor us because we 
Open Drip-Proof Type provides adequate ; 

protection from falling liquids. Windings can produce higher-quality motors at relatively lower 

are insulated with high-quality materials costs than American manufacturers. And because 

and finally dipped in thermo-setting varnish we are now enjoying a further cost margin from our 

and baked to give mechanical strength and high production we are offering the lowest prices to 


high resistance to the entry of moisture 
and oil. Bearings of standard sizes are fitted 
and are of ampie size to give long life under 
all drive conditions. Shaft is designed to 
withstand overloads and shock loads. 


the American buyers. 


These are high - quality, unconditionally - guaranteed 
motors in a complete range of totally enclosed fan 
cooled and open drip-proof designs (squirrel cage 
and wound rotor) in all sizes up to 230 h.p. Write 
today, via coupon below, for catalog and price lists. 





Newman Industries (America) Inc. 
43 Broad Street, New York 4, New York 


Please send me a catalog and price list of the full line of 
NEWMAN MOTORS now available in the United States at 
Savings up to 40°, 


NEWMAN INDUSTRIES (AMERICA) INC. Attention of 
re) YE 14a Company Name 
Address 
NEW YORK 4, NEW YORK 
City 
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The costly headaches and limita- 
tions of loose tolerances—which 
have vexed the engineer with varia- 
tions of 1/32” in permanent mag- 
net design—have been virtually 
eliminated by Thomas & Skinner, 
specialists in magnetics for more 
than half a century. 

Now your engineers can specify 
the intricate casting shapes—with 
sharply defined relief—which in the 
past have been too difficult or too 
expensive to produce. Through rad- 
ically new techniques, Thomas & 
























































































































INTRICATE SHAPES with 
tolerances often as close as +.005 
without Grinding or Finishing! 





Skinner permanent magnets are cast 
with such close precision that little 
or no grinding and finishing is re- 
quired for dimensional accuracy. 

Call in a Thomas & Skinner en- 
gineer—let him work with your own 
development specialists—learn how 
your permanent magnet problems 
of close tolerances and intricate de- 
signs may be solved by the new 
Thomas & Skinner technique— 
now! Write today—ask for the new 
Thomas & Skinner Permanent Mag- 
net Bulletin, No. 151. 


THOMAS & SKINNER Steel Products Company 


1120 East 23rd Street - Indianapolis, Indiana 
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Mechanical Design Elements 


Probably the most important sin. 
gle mechanical design element js 
quietness of operation. The motor 
mounting must be such that the feed. 
through of magnetic energy (120 
cycle) to other unit components is 
low. Propagation of motor noise en- 
ergy to the air, to the rotating air 
mover, or the enclosure must be 
guarded against. Likewise, the rotat- 
ing members must be dynamically bal- 
anced. Further, the motors must be 
consistent in noise level because on 
the production line a noisy motor be- 
comes a rejected unit. 

As air conditioning units have been 
designed into more limiting enclosures 
for simpler installation and more 
weatherproof mounting, permanent 
motor lubrication has become almost 
mandatory. Over-wicking without pro- 
vision for adequate oil retention does 
not meet this requirement. On motors 
larger than % hp, this may mean the 
use of precision ball or roller bearings, 
grease packed, but the problem of 
operating quietness must be consid- 
ered. 

Generally speaking, smallness in 
size is an important asset, since this 
usually implies reduced weight also. 
Particularly in the shaded-pole motor 
range, the pancake style design often 
proves advantageous where axial 
space is limited. These motors are 
adaptable to propeller fan uses, but 
the frame diameter should not exceed 
one-half the fan diameter or noise and 
flow problems will result. Smaller 
diameter and longer motors are more 
advantageous where there are radial 
space limitations, hence are better for 
double-inlet centrifugal type fans for 
maximum air entry. 

Universality of operating positions 
without design modification is urgent- 
ly needed as regards performance of 
the thrust arrangement, lubrication 
system, etc., because motors may be 
withdrawn from the same _ inventory 
for any of several operating positions 
on various products. Other minor 
mechanical elements are nameplate 
location, connection location, lubrica- 
tors location where required, stand- 
ardized shaft location and dimensions, 
mounting hole locations, and _alter- 
nate base design arrangements. 


Electrical Design Elements 


In considering the electrical design 
elements, the product engineer is con- 
fronted by the continuing problem of 
the difference between the recom- 
mended systems voltage range ad- 
hered to by the utilities and name 
plate voltages on motors. Units hav- 
ing motors designed for 208 or 220 
volt service +10 per cent are being 








500" Series Unground Radial 
and Thrust, Full Ball Type, 
Pressed Cone, Soft Outer 
Band, Inch Sizes. 


"1600" Series Low Cost Precision Radial Bearings and 3000” Series Unground “Precision 

Type” Radials, Metal Shielded or Open, or with Composition Seals, Inch Sizes. Also “C”’ : ee : a 
Series Precision Radial Bearings Metal Shielded or Open in established Light Duty Inch on Series, similar to 
Standard Sizes. All Solid Inner and Outer Race Type with Retainer, as illustrated. oo Series except Solid 


aaah yi) 


SEMI-PRECISION [i pe a 
AND ad 


ER” Series Flot R G d Ground Thrusts, Series ‘'1000", tive ‘Steering cay Self. 
“FR” Series Flat Race Groun 1100", “2600” and ‘2700", contained Unground Thrusts, 
Thrust with Solid Brass Ball with inch UNGROUND 


Retainer, and Full Ball Type, Soft Outer 


Retainer, Inch Sizes. Metric Sizes. Band, Inch Sizes. 


‘Clutch Release’ Bearings, 

Angular Contact and Thrust 

"400" Series Unground Deep Flanged" Series, Similar to Types, for Automobile, Truck, 
Groove Radial, Full Ball Type, "1200" Series, Similarto ‘'400" 400" Series Except Outer Bus, Tractor, Farm Machinery 
Soft Outer Band, Inch Sizes. Series Except Double Row. Band Flanged. and Industrial Applications. 


STANDARD and SPECIAL BALL BEARINGS SINCE 1902 


ALSO 
BALL BEARING 
SHEAVES, WHEELS 


SERIES 7500 SERIES 7600 
DOUBLE §& , DOUBLE AND 


sea a seateo —- T TROLLEY WHEELS 


7 a 
Sea ata “F100” Series Flange Mounted Self-aligning Radial Bear- 


“ " . rp is : _ : : ings designed for easy application to Machine Frames. 
7500 Series and 7600 Series Precision Radial Bearings Solid Inner and Outer Roce Type with Retainer, Labyrinth 
with Labyrinth Composition Seals. Solid Inner and Outer ; Composition Seals, Two Locking Set Screws. Popular 
Race Type with Retainer, Inch Sizes. 


5 Inch Shaft Sizes. a 
ca or 


NICETOWN ‘PHILADELPHIA: PENNSYLVANIA 


NOVEMBER 1953 





























































































JAN-C-76 HOOK-UP WIRE 
Types WL-SRIR-SRHV-SRRF in all sizes. All 
standard colors. 

PAIL-W-16878 
Types A B C D E and F for operations up to 
+200°C available in all standard colors in- 
cluding Spiralon striping. 

EXTRUDED TEFLON HOOK-UP WIRE 
(Tetrafivoroethylene) Non-inflammable; resist- 
ant to chemicals (has no known solvent) tem- 
perature range +210°C to —90°C and below. 
Available in thin wall and specified hook-up 
wire sizes, with shield or jacket, as coaxial 
cable. 

SURCO HOOK-UP WIRE — “A-10” 

High grade vinyl insulation. Excellent resist- 
ance to deformation, high and low tempera- 
tures and aging. High electrical properties. 
Types available approved for continuous oper- 
ation to +105°C. 

AIRCRAFT WIRE 
Made to Military Spec. MIL-W-5086 and MiL- 
W-5274A. Nylon jacketed. Excellent resistance 
to abrasion, fungus, moisture and oils. 

SURFLENE INSULATED HOOK-UP WIRE 
(Extruded Monochlorotrifluoroethylene) Operat- 
ing temperature from +130°C to —60°C. 
High insulation resistance and dielectric 
strength. Excellent resistance to heat abrasion 
and most chemicals. Available in multi-conduc- 
tor cables. 


MINIATURE WIRE AND CABLE 


Made in conductor sizes down to No. 32 AWG 
in stranded and solid. Available in Spiralon 
colors. 

PAULTI-CONDUCTOR CABLE 


Available in multiple conductor sizes from No. 
32 AWG and larger. Jacketing furnished in 
Surco, Surflene, Nylon, or to specifications. 
Available in unlimited spiral striped color 
code combinations and conductors. 

COAXIAL CABLES 
Many types approved and conforming to Jan- 
C-17A. Special designs including Extruded 
Tefion insulation. Please consult us. 

SURCO TUBING 
A high grade vinyl tubing available in special 
formulations (+105°C to —65°C). Standard 
compounds in stock in regular sizes. Also fur- 
nished in Polyethylene, Nylon, Extruded Teflon 
and Surfiene. 

SPIRALON 
Color coding available on all vinyl and poly- 
ethylene insulated wire, with or without Nylon 
or Surflene jackets. One, two, or three spiral 
color stripes in standard Nema colors. 


Write today for technical assistance and samples 


Bw wl cet 
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connected to power systems with 
nominal voltages of 208 and 240 with 
expected maximums of 220 and 250 
respectively. 

Operating voltages in the range of 
260 volts are being frequently en- 
countered. No answer to this problem 
is apparent at this time. The follow- 
ing design practice is being used: 


On units % hp and under 
115 volts, single phase 
On units % hp 
115, 208, 230 volts; single phase 
On units 1 through 1% 
208, 230 volts; single phase 
On units 2 through 5 hp 
230, single phase; 
220/208 network; 3 phase 
On units 7% hp through 15 hp 
220/208 network; 3 phase 


The latter two groups use single- 
phase fan motors %4 through 1 hp, 
dual rated at 220/208 network that 
must perform adequately over a range 
of voltage from 195 to 250 volts. Over 
1 hp in size, 3-phase fan motors are 
used, dual rated at 220/208 network, 
that are expected to perform over the 
same voltage range. 

Air-moving loads call for only mod- 
erate starting torque, promoting re- 
duced line disturbance on starting, in- 
creased drive life and more quiet start- 
ing and stopping. Accordingly, on the 
larger self-contained units incorporat- 
ing fan motors from % through 1 hp, 
belted fan-duty motors are used in- 
stead of general-purpose motors. This 
practice will be extended through the 
2 and 3-hp sizes as these become 
available. 

In applying shaded-pole motors in 
the smaller sizes of units, the problem 
of adequately handling the air load 
must be combined with the need for 
inexpensive speed regulation. This 
calls for close cooperation between 
the product designer and the motor 
engineer, in sizing the motor to the 
load. The optimum selection should be 
a voltage-speed curve that is essen- 
tially flat over a range of voltages 
+10 per cent of nominal. The so- 
called “knee” of the curve should 
occur between —10 and —20 per 
cent of rated voltage permitting a 
total reduction from full-load speed 
of approximately 20 per cent. The 
knee of the curve should not be so 
severe as to cause unstable operation 
at the low speed, nor should it occur 
so low in the curve that too much 
energy has to be handled by the re- 
sistors or rheostats. 

In the case of the single-phase, 
belted, fan-duty motors, requirements 
are as follows: 

1—Motors must be nameplated 
220/208 volt network, capable of 
operation over a range of 195 to 250 
volts. 
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Reader 
Inquiry 
Facility 


Page 261 


e A regular feature in each issue, 
the Reader Inquiry Facility in- 
cludes postpaid return cards for 
selon readers to use to obtain 
without charge, 


1. Additional information from 
the manufacturer on any prod- 
uct or service described in New 
Components and Materials de- 
partment in the current issue. 


2. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Asking in each issue. 


3. Single copies of reprints of 
selected feature articles cur- 
rently listed in Feature Article 
Reprints section. 


4. Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated with the title of the 
item in the Reader Inquiry Fa- 
cility on the page where the re- 
turn card appears. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and 1. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail- 
able without charge through the 
Reader Inquiry Facility are listed 
in each issue in “Feature Article 
Reprints” department; turn to 
Contents Page for location. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including several reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries. 











ELECTRIC MOTORS 


for: 








BENCH TOOLS * BLOWERS °* COMPRESSORS ¢ DRYERS 





WATER PUMPS ° MILKING MACHINES 


When your product is powered with a Packard Electric motor, 
its performance and reliability make it a salesman 
that never stops selling for you. 


Packard Electric’s tremendous facilities for volume production 
make it possible for you to put these “silent salesmen” 

to work for your motor-powered products 

at a surprisingly low cost. Why not get all the facts now, 
from Packard engineers? 


DEPENDABLE APPLIANCE MOTORS FOR THIRTY-SIX YEARS 


Packard Electric Division 
General Motors Corporation 
Warren, Ohio 


PACKARD ~ 
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For SPECIFIED PERFORMANCE 
Specify JELLIFF RESISTANCE WIRE 


A WIDE RANGE OF ALLOYS... 
A WIDE RANGE OF EXPERIENCE. . . 


COMPLETE CONTROL OF MANUFACTURE... . 
make JELLIFF the ideal source of 
Resistance Wire to assure your Product’s 

















































Performance According to Specs. 
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MANUFACTURING 
CORPORATION 
SOUTHPORT, CONN. 


DIPPING BASE 
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precision resistors—rheostats— 
relays—thermocouples—ohmmeters 
—bridges—high-temperature fur- 
naces can all benefit from the 
PLUS-PERFORMANCE of 

JELLIFF RESISTANCE WIRE 
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MAKE YOUR COIL WINDING 


EASIER! FASTER! BETTER! 


SMALL 
OUTSIDE 
CORNER 
RADIUS 


SPIRAL WOUND 
NOT DIE FORMED 


ANY SIZE—SQUARE OR RECTANGULAR 


le Entirely new technique in tube making developed 

© No sharp outsideedges and perfected by PARAMOUNT now for the first 
pene dig I il winding problems, yet cost 
eee 4 PE Corres ene com wenn P Lae Ones 

physical strength you no more! Hi-Dielectric. Hi-Strength. Kraft, 

© Permits winding coils Fish Paper, Acetate, Red Rope or any combination 


to closer tolerances wound on automatic machines. Produced from 











eN d f di t . . . 
‘jighten wire ~—Ss« Stock arbors or special sizes engineered for you. 


© Allows faster stacking Write on Company letterhead for Stock Arbor List of over 2000 sizes 
of wound coils 


























PARAMOUNT PAPER TUBE CORP. 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA 
Manufacturers of Paper Tubing for the Electrical Industry Since 1931 



































ELECTRICAL 


2—Motors must operate at 90 F 
ambient and 130 per cent full load 
without cutting out with minium tol- 
erance overload, the winding tempera- 
ture exceeding 257 F by resistance 
measurement, or slipping more than 
10 per cent from 1800 rpm. 

3—Motors equipped with maximum 
tolerance overloads must trip before 
winding temperature of 257 F (or 
manufacturers’ warranted safe allow- 
able) is reached either under running 
overload or on locked rotor in a 50 F 
ambient. 

4—At full load, efficiency must be 
65 per cent or above and _ power 
factor must be 68 per cent or above. 


Tests on Shaded-Pole Motors 


Shaded-pole motor requirements 
can best be defined by the tests to 
which they are subjected prior to con- 
sideration of their use, as follows: 

1—A voltage-speed curve is taken 
running free and carrying normal fan 
load, installed in unit. The require- 
ments have already been stated. 

2—As a check of winding charac- 
teristics and the ability to withstand 
surges, twice nominal voltage is im- 
pressed for 1 min. 

3—As a check of winding insula- 
tion, the motor is then given a 
Megger test and high potential test of 
900 volts for 1 min (gradual increase). 

4—If the motor is for condenser 
fan service, it is then run for 72 hr 
in an enclosure at 95 F dry balb—95 
per cent relative humidity, cycling % 
hr on, % hr off. At the end of this 
run, Megger and hi-pot tests are given. 

5—Frequently the motors are re- 
moved from this humid atmosphere 
and plunged, idle, into an 0 F atmos- 
phere for % hr after which the motor 
is voltage tested. 

6—For condenser fan service, a rain 
test is applied whereby the motors 
are run for 7 days, cycling 1% hr on, 
% hr off with fog nozzles spraying 
moisture directly on the motors. These 
are then voltage tested. 

7—A dust test is given by running 
the motor for 7 days, cycling % hr 
on, % hr off in a closed space loaded 
with filter dust which is kept con- 
stantly in motion. The motors are 
then checked for free running. 

8—A continuous stalled test is given 
for 7 days under sustained locked- 
rotor conditions in a 40 F ambient to 
simulate the probability of the con- 
denser fan slinger ring being frozen in 
place during winter weather. 

9—Survival motors are placed on 
life test at 140 F, normal humidity 
for 2000 hr, cycling % hr on, ¥% hr off 
with and without fans. Observations 
are made regarding lubrication, scor- 
ing, oil retention, overload perform- 
ance and quietness of operation. 
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These applications demonstrate our line—custom unique in the industry. Pieces numbered 19, 20, 23, 


moulding of thermosetting plastics. Complete mould- and 24 are moulded of Teflon—those numbered 2, 

ing facilities, including design and mould-making! 21 and 22, of glass-reinforced plastics—numbers 6 
Note, please, that some of these parts are quite and 12, of Alkyd. 

intricate. Note, too, that while the majority of these Based on experience like this, don’t you think your 

pieces are moulded of standard thermosetting mate- line could benefit from service by our line? Phone or 

rials, quite a few are made of newer materials with write our Dayton office—or your local branch office 

which we've acquired a working knowledge almost —for full information. 


Kurz-Kasch, Inc. © 1419 S. Broadway ® Dayton 1, Ohio 


BRANCH SALES OFFICES: New York, Lexington 2-6677 © Rochester, 
Hillside 4352 © (Chicago, Merrimac 7-1830 °* Detroit, Trinity 3-7050 
© Philadelphia, Hilltop 6-6472 © Dallas, Logan 5234 © Los Angeles, 
Richmond 7-5381 * St. Louis, Delmar 9577 © Toronto, Riverdale 3511 Fel Rote Ceo aL ee cee 


EXPORT OFFICE: 89 Broad Street, New York City, Bowling Green 9-7751. 





































































You Can Speed Production-Line Soldering 
with New, Active, Non-Corrosive RTS 200 


Federated Metals’ new RTS 200 rosin core solder has proved 

in production operations to be 5 ways better than ordinary 
rosin solders : 
30% GREATER SPREAD —by test the spread of RTS 200 
is 30% greater than that of conventional rosin core solders. 
4 TIMES FASTER OXIDE PENETRATION — oxide films 
and corrosion products on the parts you are soldering need not 
RTS 200 pierces these retarding agents 
4 times faster than ordinary solders. 
NON-CORROSIVE— despite the exceptional activity of the 
RTS 200 flux at soldering temperatures, there is no harmful 


corrosive residue when tested under the high humidity condi- 
tions of military specification MIL-S-6872. 


NON-TOXIC —the chemicals used in RTS 200 flux are com- 


monly used in industry and have no toxicity factor whatsoever. 


slow down operations. 


STABLE FLUX—experience of over one year with the 
type flux used in RTS 200 shows that it is just as active 
after standing as when used immediately. If you store 
RTS 200 for extended periods, you need not worry 

about its stability, as you do with ordinary solders. 


Try this new, industry-tested active solder today. 
Available in a variety of wire sizes, compositions 
and quantities. For information see your 
distributor or write any one of Federated’s 
14 plants or 22 


22 sales offices 
the nation. 


across 


There is one near you. 














10—Sound level of the motor jg 
evaluated under normal and maximum 
loads at + 10 per cent nominal volt. 
ages. Overload performance is evalu. 
ated and conformance to Underwrit- 
ers’ requirements as regards maximum 
winding temperatures rechecked. 
The magnetic sound level of motors 
used for air moving service is invari. 
ably amplified by the air motion and 
hence particular care must be taken 
to avoid loose laminations and wind- 
ings, in addition to providing a mount- 
ing that will absorb most of | this 
energy. Likewise, air gap eccentricity 
or rotor eccentricity give rise to a 
pulsing type of sound energy. 


High Potential Testing 


Underwriters’ requirement 207A 
states that motors under % hp shall 
be high potential tested at 900 volts 
for 1 min while motors over % hp 
shall be tested at twice operating volt- 
age 1000 volts for 1 min, or 1440 
volts for a 220-volt motor. Testing 
individual motors is simple, but what 
is to be done at final unit high po- 
tential test where a 35-milli-hp fan 
motor is permanently wired into the 
same circuit as a 1l-hp compressor 
motor? Rulings have been received 
that motor failures under this condi- 
tion do not constitute rejection of the 
unit but the unit ends up in the 
repair station nevertheless. It is like- 
wise felt that no production line can 
support the physical space or labor 
cost required to high-potential test 
for one full minute. Clarification and 
assistance is needed from both Under- 
writers and motor suppliers on this 
problem. 

An important part of the progress 
made in air conditioning unit design 
in the direction of lower operating 
sound levels, more compact unit ar- 
rangement, simplified wiring and con- 
trol arrangements, lower in-rush cur- 


rents, etc., has been due to the 
continued interest and cooperation of If 
the electric motor manufacturers. fu 
Oooo W 

Abstracted from a paper presented be- 
fore the AIEE Conference on the Appli- T 

cation of Motors to Air Moving Equip- 
ment, Ft. Wayne, Ind., Oct. 6-7. - 
he 
Utilizing Engineers ce 
to Full Capacity nN 
Guy Kleis, Manager " 
Central Technical Departments ha 
Westinghouse Electric Corp. F 


WHEN THE SHORTAGE of engineers be- 
came a critical problem late in 1950, 
every employer of engineers was ad- 
monished to “make certain your en- 
gineers are doing engineering.” To 
accomplish this objective Westing- 
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Westinghouse Fosterite Transformers 
must pass this 4-hour underwater test 


If you’re looking for a small, open-type transformer, 
fully protected against moisture, check the line of 
Westinghouse Fosterite impregnated transformers. 
This four-hour underwater test proves the point: 

All Fosterite-treated transformers are completely 
submerged in hot water at 60° Centigrade for two 
hours, after which they are “thermal-shocked” in 
cold tap water, and soaked there for an additional 
two hours. An electrical test is then applied, in 
which each transformer must show an insulation 
resistance reading of at least 2000 megohms. 
Fosterite has to be good! 

This is just one of many severe tests to which 


Westinghouse specialty transformers are subjected. 
They assure you of quality that will meet your re- 
quirements exactly ... quality that stands up under 
extreme conditions. 

Fosterite impregnated and coated transformers 
can be made available to meet your most stringent 
specifications. In addition to moisture protection, 
Fosterite makes drastic weight reductions possible 
... as much as 30 to 50%, when compared to 
enclosed types. 

Call your Westinghouse representative for further 
information, or write Westinghouse Electric Corpo- 
ration, P.O. Box 868, Pittsburgh 30, Pa. 


J-70678 


you can BE SURE... i irs 


Westinghouse 
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Fouled contacts cause costly 
burnouts and down-time. Use 
VAP-OIL-TITE FITTINGS 
with Plastic Covered Flexible 
Metallic Conduit for Sure Seal- 
ing of wiring on oil, water, dust 
and vapor tite equipment. 
VAP-OIL-TITE’S exclusive 
threaded bushing not only 
insures positive grounding but 
also makes fitting easier to install 
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VAP-OIL-TITE 


FITTINGS 


because a collar covers metal 
edges making burring unneces- 
sary. Furnished in numerous 
types with body sizes from 
34” to 2”. Write or wire today 
for bulletin #MT-104 giving 
types, sizes and prices, 








Rae ee 


3600 Potomac Ave., Chicago 51, Illinois 
11 Park Place « New York 7, New York 


WT PORCELAIN CORP., knoxvitte 1, TENN. 





house set up a three-point program 
for improved utilization of engineers 
as follows: (1) Employ non-engineers 
for “fringe area” jobs; (2) purify “en. 
gineering area” jobs, and (3) raise the 
performance level of both professional 
and supporting personnel through ex- 
tension of an educational assistance 
program. 

The so-called fringe-area jobs in- 
clude semi-technical sales, purchasing, 
production planning, time and motion 
analysis, quality control and industrial 
relations. Engineers often preferred 
these jobs and were ideally suited for 
the work, which was frequently a 
springboard to supervisory assign- 
ments. By no means were engineers 
under-utilized here, but it was felt 
that with some additional training 
non-technical college graduates or 
technical institute graduates could 
perform such tasks successfully. 

To prove this conviction, manage- 
ment authorized the “pool hiring” of 
125 non-technical graduates for the 
graduate student training program in 
1952. Major emphasis was placed on 
personality traits and demonstrated 
leadership ability, and top level stu- 
dents were brought in on the training 
program along with 375 engineers. 
The non-technical men were given a 
brief course in engineering fundamen- 
tals, but the study of products was far 
less technical than undertaken by en- 
gineers; instead, emphasis was placed 
on business aspects. At the conclusion 
of five months of basic training, these 
business, art and law graduates were 
placed on available work assignments 

in the fringe areas departments. Even- 
tually local managers, who had been 
reluctant to do so at first, hired all 
of the non-technical men. Many said 
they will continue to ask for such men 
even if engineers again become plen- 
tiful. 

The following table shows the per- 
centage breakdown of this first group 
of non-engineers by function: 


ere 40% 
Manufacturing ...... 26% 
ADOCOGMING v.55 60s 15% 
Purchasing ......... 8% 
Industrial relations .. 7% 
BIN cuss dave weve 4% 


Another 125 non-technical men 
were employed for the graduate stu- 
dent training program in 1953. They 
will be placed in permanent jobs dur- 
ing the first half of 1954. Current 
plans call for the hiring of a similar 
number from 1954 graduations. 

Many technical institute graduates, 
or equivalent, who fer many years 
have been handling the drafting, rou- 
tine testing and other technizian-level 
jobs, have been advanced into the 
same type of fringe-area jobs men- 
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An ordinary house key, brazed to the tool holder of the Cavitron, cuts quickly and easily into a glass 
paperweight. The tool vibrates 1,620,000 times a minute and uses a boron carbide abrasive in solution 
to remove the particles of glass without cracking it. 


ow Magnetostriction was harnesse 


... fo give industry a new fool 


Remember those magnetostriction ex- 
periments in the physics lab? 

You learned what happened when a 
ferro-magnetic material was placed in a 
magnetic field. 

But what good was it? 

Your instructor probably told you it 
was pretty much a laboratory curiosity. 

And except for use in undersea sound- 
ing devices, it remained so until recent 
years. 

Now scientists are harnessing it in 
many ways. One of the most interesting 
applications is in this ultrasonic machine 
tool. 

Called the Cavitron, this tool vibrates 
1,620,000 times a minute and, with the 
help of an abrasive solution, easily ma- 
chines materials as hard as tungsten car- 
bide. 

The vibrations drive the abrasive 
against the material which is to be cut 
and form the desired shape in it. 

Putting magnetostriction to work in 
this way wasn’t easy. Before the inventor 
perfected a commercial model, he experi- 
mented for twelve years. 





He worked with a number of materials, 
searching for the magnetostrictive qual- 


ities he needed for the transducer. He 
found them in “A” Nickel. 


Then he had to find an alloy for the 
tool holder with suitable high strength 
and acoustical properties. Most materials 
he tried heated up rapidly and cracked at 
stress points. Again, he discovered the 
very qualities he needed in another Inco 
Nickel Alloy — Monel®. 

The inventor of the Cavitron found 
Inco ready to help in supplying informa- 
tion on magnetostriction, fabrication and 
metal stress at all times. 

That same service is available to you. 
Call on us for help in solving your prob- 
lems. And write for your revised copy of 
“Magnetostriction” and the booklet “Inco 
Nickel Alloys for Electronic Uses.” 

Consult your regular supplier of Inco 
Nickel Alloy forms for latest information 
regarding their availability. Remember, 
too — it always helps to anticipate your 
requirements well in advance. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


Inco Nickel Alloys 
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MONEL® + “R”’@® MONEL « ’’K’’® MONEL « “KR’’@ MONEL « “S”@® MONEL 
INCONEL® + INCONEL “X”@® + INCONEL “W’® «+ INCOLOY® 
NIMONIC® ALLOYS + NICKEL « LOW CARBON NICKEL + DURANICKEL® 































Combined Reprints 
at Quantity Prices 


e@ For each of the five combined reprints now 
available (see reviews on page 270) the supply 
now on hand is sufficient to fill modest quantity 
orders. Since handling expense is a relatively 
large cost element, grouping of orders makes pos- 
sible substantial savings per copy. To further 
reduce cost, accounting and invoicing operations 
involved in open-account billing are eliminated by 
requesting remittance with order. 


Prices per copy given in the table below are for 
single shipments in the quantities shown, on orders 
accompanied by remittance. 


Quantity per shipment 
Title 1 5 25 


Magnetic Amplifiers 150 1.00 0.75 
Overload Protection 150 1.00 0.85 
Servo System Design 2.00 1.25 1.00 
Engineering Testing 250 150 1.5 
Plastics, Dielectrics 3.00 1.75 1.50 
Special Package— 

One each of above titles 7.50 


Send orders with remittance (including 3 per 
cent sales tax for Néw York City deliveries) to 


J. A. Campbell 
Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


Prices given above include shipping charges. 
Be sure to enclose address to which shipment is 
to go; make checks payable to The Gage Publish- 
ing Company. Orders at these prices can be filled 
only when payment accompanies the order. 


tioned, as well as being moved into 
the area of supporting services for 
engineering departments. 


“Purifying” Engineering-Area Jobs 


Point II was to remove all extra- 
neous detail from the engineer’s job 
to enable him to perform at his maxi- 
mum technical capacity, 100 per cent 
of the time. Carrying out such a pro- 
gram requires careful, objective study 
of the assigned duties of each engineer 
or group, and calls for the complete 
cooperation of the individual engi- 
neers. Westinghouse has taken four 
approaches to the problem and has 
achieved a rather substantial degree of 
“purification.” 

Approach No. 1 was the formation 
of advanced development groups at 
most plant locations. Heretofore de- 
velopment engineers were constantly 
being called on to help out on trouble 
jobs, help other designers solve their 
problems, and to “put out fires” wher- 
ever they might flare up. Under the 
new arrangement, these men are iso- 
lated from the rest of the engineering 
department and are now working only 
on long-range developments. Hence 
they are being utilized at their maxi- 
mum potential and efficiency. 

Approach No. 2 was to make a pilot 
study of the activities of a typical en- 
gineering design section to determine: 


1—The jobs or parts of jobs now 
done by graduate engineers that could 
be delegated to a clerk or a non- 
professional technician with a net sav- 
ing in the engineers’ time. 

2—Man-hours of engineering time 
that could be saved. 

3—Man-hours of supporting help 
needed. 

4—Training and‘ experience require- 
ments of supporting help. 

After the plan of attack was de- 
cided upon, the local management out- 
lined to a selected engineering section 
the general problem and explained 
that the most direct approach was to 
use existing engineering talent more 
effectively, by delegating portions of 
their work to less-completely trained 
people. Thus more time would be 
available for the design, refinement 
and development of apparatus, which 
would result in lower cost and a 
better, more competitive product. 
Suggested types of work that might 
be delegated included, looking up es- 
tablished data; finding order papers, 
drawings and other references; mak- 
ing routine calculations; filling out 
multiple records, and analyzing test 
results. 

Each engineer was asked to keep 
a record of his daily activities for 
a period of two weeks. Activities that 
could be delegated were sub-divided 
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YOU CAN’T AFFORD TO 


WU 


ON 
WIRING 





Protect Your Product’s Reputation 
with UNILECTRIC WIRING SYSTEMS 


Year atter year ... for over ten years 

. UNILECTRIC has produced millions 
of wiring systems, for more than 150 
leading manufacturers of electric and elec- 
tronic products. They meet the most exact- 
ing requirements and provide substantial 
savings to each customer. 


There is Only ONE 
Standard of 






p 


This intricate wir- 
ing harness for a 
jet auto pilot must 
meet the most 
rigid specifica- 
tions. A pilot's 
life and perhaps a 
major battle de- 
pend on it. 


The same work. 
monship . . . the 
same standards of 
quality protect 
your product wir- 
ing ond your pro- 
duct’s reputation 
for dependability. 





eA 


Make the 
UNILECTRIC 


To assure utmost 
dependability plus 
cost saving engi- 
neering assistance, 
low-cost. produc- 


i ° a °e ‘ . 

schedule deliv- Quality 
"*, investigat 

UNILECTRIC today. Standard 


YOUR Standard 


Investigate UNILECTRIC Today! 


TUILELT RIL 


iY stnscaved ei YSTEMS 


tetera 
UNITED MANUFACTURING & SERVICE CO 
er ae rah 


Lae . Milwaukee 








into two classes: Work which could be 
performed (1) by an experienced clerk, 
and (2) by a technician who had a 
good command of algebra; could read 


curves, charts and drawings; and 
could handle a slide rule. 
For nine engineers in the section, 


the total indicated saving was 13.9 
man-days in the two-week period, or 
15.5 per cent of the engineers’ total 
time. By applying judgment factors to 
convert the net time saved by the 
engineers to the total time 
would be spent by a less efficient clerk 
and a technician, it appeared that the 
section could utilize an experienced 
technician for 4.0 days and a clerk for 
3.9 days per week to accomplish the 
delegated work. 

Management concluded that one 
clerk and one technician could profit- 
ably be added to this section even at 
an 80 per cent load-factor. It was 
felt that after both the engineers and 


which | 








the supporting help became more ex- 


perienced in this working arrange- 
ment, more and more work would be 
delegated, and that many worthwhile 
jobs would be found not indicated in 
the survey. 

Several other sections have been 
analyzed in this same manner. The 
computed savings in engineers’ time 
has fallen in the range of 13.7 to 23 
per cent. 


Service Group System 
Approach No. 


nicians to service all engineers in the 
department. The divisions that 
the service group system 
strong arguments in its favor, 
have been able to show noticeable 
increases in output without corre- 
sponding increases in engineering per- 
sonnel. 

The pilot study under Approach 
No. 2 was made in a large apparatus 
division where practically every order 
is tailor-made. Backers of Approach 


use 


and 


3 was to set up a | 
separate group of clerks and _ tech- | 


present | 


No. 3 represent divisions that mass- | 
produce standard products and that 


already had subprofessional personnel 
to handle the large numbers of stand- 
ard-style orders received. 
system, the reinforced section is given 


In the new | 


the added responsibility of handling | 
all modifications to standard equip- | 


ments when such modifications have 
already been developed by engineers. 
This system is made possible by ex- 


tensive cataloging of standard specifi- | 


cations and all possible modifications. 

The service group system is also 
applied to divisions working primarily 
on defense contracts. Great volumes 
of progress reports, instruction books, 
spare parts catalogs, etc., are required. 
These are tedious, time consuming 
jobs that most engineers detest. 
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An aiieaiy Versatile 
Line in the Heavy Duty Field 


An exceptionally versatile line, un- 
equalled in the heavy duty field, with a 
virtually unlimited number of assembly 
combinations to meet the individual re. 
quirements of any portable electrical 
equipment. 

Interchangeable contacts, 1 to 8 poles, 
can be assembled in standard plug 
shells and receptacle housings, The pro- 
tected female contact unit can be as- 
sembled in either plug or receptacle for 
safety in the line side of the circuit, Fus- 
ible types and units with one pole 
grounded are also available, 

Automatic bayonet lock with either 
manual or combination manual and au. 
tomatic release protects equipment and 
wiring. Wide range of pressed steel plug 
shells, receptacles, and cord connectors 
available in the complete Triploc line, 
including cast metal housings threaded 
for watertight gasket seal. Ratings up to 
20 amperes, 250 volts DC, 460 AC, Con- 
sult your Pylet Catalog 1100, Bul. 
1140-1, for complete listings. 


CONDUIT FITTINGS © FLOODLIGHTS 


THE 
PYLE-NATIONAL 


COMPANY 
1388 N. Kostner Avenue, Chicago 51, Illinois 
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The new North American 
FJ-2 carrier-based jet fighter 


Production Teamwork puts 
the NAVY FURY in the Air! 


B\vone the many specialists supplying component parts 
for the Navy's new ‘‘Fury”’ Jet Fighter is Parker White Metal 
Company. Parker Die Castings are used on the upper fuse- 
lage door access assembly, fuselage cooling duct system, 
fuel system, air fuel locks, air valves on intake ram, surface 
control system and as components of the highly classified 
gun-camera. Parker Die Castings are economical, strong 
and light weight. Machining is virtually eliminated, thus 
reducing costs. You will find Parker Die Castings highly 
practical from your point of view. Consult with Parker en- 
gineers on your next die casting requirements. Nearly a 
half century of experience is yours for the asking. 


THINK OF . Parker White-Metal Company ¢ 2153 McKinley Ave., Erie, Pa. 
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This sub-fractional horsepower motor stator has been built with a safety 
factor far beyond that of insulation only. Inserted between the stator 
windings is a Mighty Mite Thermal Control that automatically limits operation 
under excessive temperature rise. 


This means that under adverse conditions, the windings will not become 
overheated, insulation will not char, motor will not burn out. Mighty Mite 
Thermal Controls provide abundant assurance of safety and long-life per- 
formance, adding value to any product of which they are a component. 


NECESSARY 


Mighty Mite Thermal Controls provide 
maximum simplicity of installation. 

. Small, compact. 

. Can fit into your present design, 


. Pre-set calibration eliminates adjust- 
ment time in assembly. 


pendable performance. 


1 
2 
3 
4, Pre-set calibration assures uniform, de- 
5. Simple, sturdy design. 

6 


. Available in a variety of terminal 
connections. 





Most leading makes of sub-fractional HP motors are Mighty Mite protected. Specify Mighty Mite 
Thermal Control protection in specifying such equipment. 
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Clerks, technicians, technical writers 
and liberal arts graduates make yu 
the service group to handle all this, 
They also handle the more routine 
jobs brought out in the pilot study 
under Approach No. 2. 

Approach No. 4 has effected ap. 
preciable savings in engineers’ time 
by redistributing work assignments in 
the field service organization. During 
the past few years, the service de- 
partment has been training large 
numbers of technical institute grad- 
uates through a rotational test course. 
During this same period few grad- 
uate engineers have been hired. In 
order for this dilution of engineering 
talent to work, the field management 
must make certain that engineers are 
utilized only on service or erection 
jobs involving complex equipments. 


Educational Program 


Point III was to raise the perform- 
ance level of both professional and 
supporting personnel through an edv- 
cational assistance program. To ac- 
complish this long-range objective, 
management encourages each em- 
ployee to plan a_ self-development 
program. The company has established 
a wide range of educational programs 
to fit the varying needs of its people, 
as follows: 


(a) Graduate Study Program in en- 
gineering, science, and business ad- 
ministration. Leads to the MS., 
M.B.A., and Ph.D. at 16 affiliated 
universities. 

(b) Business and Management Pro- 
gram designed especially for engineer- 
ing and science graduates who aspire 
to supervisory positions. Leads to a 
certificate and M.B.A. at affiliated 
universities. « 

(c) Undergraduate Engineering and 
Business Administration Programs to 
enable young high school graduates to 
obtain a bachelor’s degree in engi- 
neering or business at affiliated uni- 
versities. 

(d) Technical Institute Program for 
high school graduates with a desire 
to become technicians and to supply 
supporting personnel to engineering 
and service organizations. 


The company makes a substantial 
contribution to the cost of the pro- 
grams by refunding tuition. The grad- 
uate study program has been in exist- 
ence for many years, but has been 
greatly expanded recently. ooo 


Abstracted from a paper presented be- 
fore a joint session of the Engineering 
Council for Professional Development 
and the American Society for Engineer- 
ing Education, held in New York on Oct. 
16 under the sponsorship of the Engi- 
neering Manpower Commission of Engi- 
neers Joint Council. 
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20 amp. 50 volt DC filters with 
extremely low DC resistance 
for aircraft equipment 


Another example of 
Mallory filter engineering 





Two versions of this filter are shown above. In con- 
junction with the equipment for which they were 
designed, they provide a minimum of 70 db attenu- 
ation from .15 to 100 megacycles. Effective attenu- 
ation is provided to 400 megacycles. Extra heavy 
gauge metal containers and oversize studs provide 
the rugged construction required by the application. 


Expect more... The exacting performance demanded by today’s 


electrical and electronic equipment calls for radio 
noise filters that are carefully designed to match 
get more the equipment involved. The experience and skill 
siaiaas of Mallory’s engineering-production team is well 


from MALLO RY equipped to analyze your problems and produce 


the right filter for your equipment. We will be glad 





to work with you on your specific requirements. 
Write or call us today. 


| AM EVENI Na AMS SERVING INDUSTRY WITH THESE PRODUCTS:  — 
Electromechanical —Resistors * Switches © Television Tuners * Vibrators” 
y A L L 0 e Electrochemical—Capacitors e Rectifiers * Mercury Dry Batterie 


Metallurgical —Contacts* Special Metals and Ceramics * Welding Mat 
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Just a few of the many 
Disconnect Panels molded Evaluating Class H 
Insulation With 


for 
BURNDSY Model Motors 
. - | (Continued from page 113) 
punennny INC. | 


NORWALK, CONN. 


| itance and dissipation factor. The 
K 0 “ | b. : ay O a | hi-pot tests consisted of applying 600 
| volts a-c phase-to-phase and phase-to- 






















ground and 120 volts a-c between the 
parallel turns of each coil. The volt- 
| age was applied for 15 min. Insula- 
tion resistance measurements were 
| made at 500 volts d-c. The hi-pot and 
other tests following the humidity 
cycle were made prior to removing 
the models from the humidity cham- 
ber. 
Dexter and Earleywine reported the 
following test results as of June 1 last: 










































300 C Life 








1 failed after 48 hr 
7 failed after 192 hr 
1 failed after 240 hr — 
1 still operating after 336 hr 
275 C , 
| failed after 840 hr 
1 failed after 1680 hr 
8 still operating after 3242 hr 
250 C 
10 still operating after 4368 hr 
4 eh os se 
a: a ° a ° x Majority of the failures occurred 
aoe a ; a x x | phase-to-phase. This is probably due 
oe ae x y x i. | to the thinner insulating material used 
aa xo f A ? J | for the coil separators. 
S. zl yo a 4 A comparison of test results on 
an 3 ee A "4 J model motor with life tests on full- 
ae "hot 1 ee Re” eee + Thre 
5.§ a Gor Ge | scale, Class H-insulated motor pro- ‘ 
ATs xs vides the following data: ' : 
ae . Re, ys ; mer 
at | Wn Se Aging temperature lacti 
il 300 C 275 C Pair 
Motors: save 
Minimum life, hr 280 1400 of ( 
Ultimate life, hr. 6000 10,000 . 
Models: pen: 
Minimt ife 92 840-1600 
epettd toy, Burndy disconnect panels for pressurized bulkheads | “ea agp — a = 
ev must be molded with great precision and accuracy. : he: 
2? The many metal inserts must be absolutely secure so It is authors’ conclusion that the f 
as to allow fast, sure connections. KUHN & JACOB minimum life of the models correlates iil 
has met Burndy’s exacting specifications for many well with the minimum life of the ee 
years. Why not let us quote on YOUR requirements? motors. The minimum life and failure , P 
point of the model motors aged at 300 we? 
C and the two models at 275 C coin- vid 
KUHN & JACOB MOLDING & TOOL CO. cided because of the excessive water 2 


present during the humidity cycle. 


1221 SOUTHARD STREET, TRENTON &, N. J. Based on these initial results, it might 
be expected that minimum life and 
CONTACT THE S. C. Uliman, 55 W. 42nd St., New York, N.Y. ultimate life of the models will ap- 


Veuphone—Penn 66566 proximate the life obtained on the 


K&J Wm. > Ned se Ben a Sooutort. Conn. motors. 
e— t 7- . : 
REPRESENTATIVE wai eects If precautions are taken during 


NEAREST YOU oe Seiearate a ag Read, winding and _ testing, and minor 
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INSTALLATION IS EASY with the compact 
unit formed by two fin Calrod heaters used in 
this one-ton Lintern air conditioner. 


THREE DURABLE FIN CALROD UNITS furnish heat for this Lintern air conditioner 
mounted in a crane cab at the National Tube Division plant of U.S. Steel, Lorain, Ohio. 


Three G-E Fin Calrod” heaters 
outperform 6 ordinary heaters 


Lintern Corporation cuts bulk, adds durability 


to steel-mill crane cab air conditioners 


' Three G-E fin Calrod heaters provide 
the same heat as the six heaters for- 
merly used in air conditioners manu- 
factured by the Lintern Corporation, 
Painesville, Ohio. Not only is weight 
saved and size reduced, but durability 
of General Electric fin Calrod units 
has led to reduced maintenance ex- 
pense for Lintern customers. 

Mr. James Lintern, the firm’s vice- 
president, reports that the fin Calrod 
heater’s oxidation- and rust-resistant 
inish withstands the corrosive steel- 
mill atmospheres, thereby reducing 
teplacement expense. The fins are 
securely brazed to the heater to pro- 
vide efficient heat transfer and _ to 
minimize vibration when the unit is 
subjected to high-velocity air. 


Compact size, versatility, and ease 
of installation are added reasons for 
Lintern’s use of G-E heaters. These 
heaters can be formed into a variety of 
shapes, making possible application to 
small or odd-sized areas. 

The Lintern Corporation is one of 
the many companies that have found 
Calrod heaters result in better products 
at lower cost. To make sure you have 
the best in fast, clean, economical heat, 
contact your nearest G-E Apparatus 
Sales Office for the services of a Heat- 
ing Specialist. His knowledge of the 
applications of electric heat to indus- 
trial products is your answer to im- 
proved product performance. For more 
information on G-E heaters mail the 
coupon at right. 


*Reg. Trade-mark of General Electric Company 


Ol Cl fel Your conflilence m— 


GENERAL @@ ELECTRIC 


i, gt 
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* 


HEAT TRANSFER IS EFFICIENT because the 
fins multiply one inch of heater into 10.3 
square inches of radiating surface. 


Section C720-121 
General Electric Company 
Schenectady 5, N. Y. 


Please send me bulletins | have checked: 
( For immediate project 
() For reference 


(—1 GEA-5886, Calrod Heaters for Machinery 
Manufacturers 


(0 GEC-1005, Complete Catalog of G-E Heaters 
and Devices 

Name 

Company 

Address 

City 


























FASTER ASSEMBLY... 


LOWER EQUIPMENT and 
LABOR COSTS... 


AND corrosion resistance, too, 
when required 





NL- 
specify 


PEM WELD FASTENERS 
of steel or STAINLESS steel 


PEM Weld Fasteners are designed for Production. 


SHANK locates and protects threads against 
weld splatter . . . eliminates retapping. 


ENGINEERED PROJECTIONS prevent burnouts in 
thin sheets. 


SIMPLE ELECTRODES . . . no pilots required. 


ROUND COMPACT SHAPE . . . no indexing in 
assembly . . . fit on narrow flanges. 





























WRITE for literature and samples for trial. 











Penn Engineering & Manufacturing Corp. 
Doylestown, Pennsylvania 
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changes are made in the model frame, 
model motors appear to offer a cop. 
venient and economic method for the 
evaluation of high-temperature insu. 
lating systems. The tests reported 
herein are continuing and will be re. 
peated using the modified models, It 
is anticipated that more complete data 
can be presented at a future date, 

Ooo 


R.P.1. Industrial Council 
to Feature Electrical 
Manufacturing Industry 


THE SIGNAL ROLE of America’s elec- 
trical manufacturing industry in creat- 
ing better living at home and provid. 
ing vital materials for the defense 
programs of free nations will be ex- 
amined by social studies teachers from 
all parts of the nation at the third 
meeting of the Industrial Council, to 
be held at Rensselaer Polytechnic In- 
stitute, Troy, N.Y., October 30 and 31. 

The electrical manufacturing in- 
dustry will be host to more than 600 
high school and teachers college facul- 
ty members from across the nation at 
the Council. Addresses by prominent 
authorities on the increasing impor- 
tance of the industry will be featured 
and the educators will participate 
actively in eighteen panel discussion 
groups dealing with the economic 
and social growth of the industry. Dr. 
Ray Palmer Baker, vice-president of 
Rensselaer and director of the Indus- 
trial Council, indicated that the guests 
will listen to and question upwards of 
150 top-flight executives and engi- 
neers from the electrical manufactur- 
ing industry. 

Heading the list of industrial guests 
will be Chester H. Lang, vice presi- 
dent, General Electric Co. Mr. Lang 
is permanent general chairman of the 
Industrial Council. 

Those participating as members of 
the Program Committee, under the 
chairmanship of Robert Paxton, execu- 
tive vice president of General Electric, 
are: Allen B. DuMont, president, Al- 
len B. DuMont Laboratories and Phil- 
lip D. Reed, chairman of the board, 
General Electric, both ex-officio; J. 
W. Corey, president, The Reliance 
Electric and Engineering Co., C. T. 
Lawson, vice president, Nash-Kel- 
vinator Corp., Don G. Mitchell, presi- 
dent, Sylvania Electric Products Inc.; 
A. C. Montieth, vice president, West- 
inghouse Electric Corp.; Hoyt Post 
Steele, executive vice president, Ben- 
jamin Electric Mfg. Co.; Robert C. 
Tait, president, Stromberg Carlson 
Corp., and William A. Yost Jr., vice 
president, Allis-Chalmers Mfg. Co. 
000 
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DINAMATL 


EDDY-CURRENT 
ROTATING EQUIPMENT 












PRESS DRIVES 


LIQUID COOLED COUPLINGS UNIVERSAL DYNAMOMETERS 


D ynamatic Eddy-Current electro-magnetic equipment represents 
the ideal solution for a wide range of adjustable-speed drive 
problems, particularly where an AC power source is a require- 
ment. Typical applications include paper machine drives, cement 


mill drives, industrial truck clutches, press drives, crane brakes, 





fan drives—in fact, practically all test, processing, and conveying 


equipment common to industry. Instantaneous response and accu- Write for your copy of Bulletin 
. GB-1 which describes and illus- 
fate control are important advantages. trates the basic Dynamatic units. 


Nuamatil’ ( 0) RPO RAT | 0) N KENOSHA + WISCONSIN 
DYNANATI Subsidiory of EATON MANUFACTURING COMPANY, cteveland, Ohio 
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STANDARD of QUALITY 


; for Filtering... 
Coupling... 
By-Passing 











RMC Ceramic Capacitors are the proved answer 
to problems encountered in the design of standard 
and special purpose electronic equipment. They are 
your guarantee of quality and trouble-free operation. 
Available in temperature compensating as well as 
guaranteed minimum value types. 


Here’s Why... 


@ Small size saves valuable 
space... makes better 
design possible. 


e Greater mechanical 
strength assures a more 
rugged assembly... 
speeds up production, 


e A wide line of capacities 
from 2MMF to 30,000 


MMF provide design 
flexibility. 


e@ 1000 working volt stand- 
ard...many types with 
working voltages up to 
6000 V.D.C. 


e Every DISCAP is 100% 
tested for capacity, 
leakage resistance and 
breakdown. 


Send for technical data and 
specifications on RMC DISCAPS 


RMC 
DISCAPS, 


+ the right 
way fo say 
CERAMIC 


CAPACITORS 


RADIO MATERIALS CORPORATION 


GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Ill. 


FACTORIES AT CHICAGO, ILL. AND ATTICA, IND 















Metal Statistics 





Metal markets have become more competitive, and 
while no radical changes took place in any of the 
major metals during the past month, price came 
into sharper focus. For the most part, copper, lead 
and zine prices continued to hold on in the face 
of limited market activity. But there was still 
apprehension over future demand-supply condi- 
tions within these metals, and most factors were 
in agreement that major metals were undergoing 
a waiting period. 


Zinc. The situation in zinc is becoming critical, insofar 
as domestic zinc mines are concerned. What is hap- 
pening reflects a direct impact on mine production by 
the heavy flow of zinc imports from abroad. As a 
result, several of the larger mine operators have an- 
nounced sharp cutbacks in mine production. American 
Zinc, Lead & Smelting has cut Prime Western zinc 
output by about 25 per cent at its Fairmont City, IIl., 
plant. The plant produces around 2000 tons of slab 
zinc a month. Mathiessen & Hegeler has curtailed 
output at LaSalle, Ill. by 33% per cent to its lowest 
production rate since 1938. The action, according to 
a company official, was “necessitated by the un- 
stemmed flow of cheap foreign zinc into the United 
States.” At other zinc mines, production has been cur- 
tailed or mines have been shut down altogether. 

What's the answer? Domestic mine operators are 
calling for stricter tariff controls, favoring a sliding 
scale tariff as a solution to domestic mine ills. But 
other industry representatives oppose sliding tariffs 
and point out that they would hardly benefit high cost 
mines. Proper Government stockpiling programs are 
seen as the answer to current ills by these spokesmen. 

Meanwhile, September zinc consumption was re- 
portedly running around 80,000 tons a month. Septem- 
ber shipments were 55,167 tons, down 10,283 tons from 
the preceding month and were the smallest since Octo- 
ber 1949 (except for the two months, June and July, 
1952 when the steel strike was in progress.) Zine pro- 
ducers at the end of September carried stocks of 
141,494 tons, an increase of 23,597 tons over the pre- 
vious month and the largest since August 1947. 

The price of zinc in mid-October was 10.00¢ a 
pound, f.o.b. East St. Louis for Prime Western metal. 


Lead. The problem of imports which plagues the do- 
mestic zinc mining industry is also a factor in current 
lead markets. The same arguments, pro and con, relat- 
ing to sliding tariffs apply to lead. The market is 
wobbly and the price of 13.50¢ New York while hold- 
ing for several weeks now continues to remain pre- 
cariously balanced for the time being. 

Lead stocks on Sept. 1 were the largest for any 
month since September 1950 and showed a gain of 
11,305 from the stocks held on Aug. 1. It is expected 
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Ce Heat Your 
A START FOR THE FUTURE 





USE UNBRAKO BUTTON HEAD 
SCREWS on _ transportation 
equipment—door and win- 
dow frames, paneling, seats. 
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On textile machinery—slash- 
ers, twisters, bobbin shields. 





UNBRAKO BUTTON HEAD SOCKET SCREWS feature the of marred or mutilated heads; fully formed threads— On sheet metal assemblies— 


following: threads to head; low head height; nonslip Class 3 fit; heat t sated alloy steel; standard sizes beverage coolers, gasoline 
internal wrenching; hex socket that minimizes possibility from #8 through %‘’ diameter. pumps. 


Have you checked our Unsrako standards? 


We suggest you do, because a standard UNBRAKO 
delivered from your distributor’s stock means faster 


UNBRAKD 
and better service. A standard will do the job as well * | ane 
as a special at much lower cost. For details about 


UNBRAKO Standards, write SPS, Jenkintown 9, Pa. 


UNBRAKO SOCKET SCREW DIVISION spss 
ss --—— 
Write for UNBRAKO Standards 


JENKINTOWN PENNSYLVANIA 
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TOLMON 
GEAR 
MOTOR 


FOR 
SLOW SPEED 
OPERATION 






@ SINGLE DIRECTION OR REVERSIBLE 


@ BUILT-IN TRANSFORMER PROVIDES 
LOW VOLTAGE CONTROL CIRCUIT 


® LINE OR LOW VOLTAGE TYPES 
® WON'T BURN OUT UNDER CONTINUOUS STALL 
® PROVEN DESIGN 


Crise shaded pole induction type gear motors are 
designed for use where slow speeds and relatively low 
torque are required. Rotation can be clockwise, counter- 
clockwise or reversible. Reversible motors have a 
built-in transformer which provides a low voltage con- 
trol circuit. Dimensions are approximately 4-3/4” x 
2-53/64" x 1-3/4". Drive shaft can be extended from 
either or both ends. Quality features include hobbed 
gears, powdered metal bearings, hardened steel shafts 
and pinions, and high test aluminum alloy bearing 
plates. Enclosed models also available. 


TYPICAL APPLICATIONS 














CRISE CONTROLS DIVISION 


ACRO MANUFACTURING COMPANY 


COLUMBUS 16, OHIO 























that stocks on Oct. 1—when the figure is made avail. 
able—will show a further increase. These high stocks 
and a concomitant limitation in consumer buying are 
the factors behind the weakness in the lead market, 

Refined lead output in August dropped 2188 tons at 
38,022 tons. Shipments were 40,836 tons, a gain of 5184 
tons. 


Copper. Negotiations in Washington with Chilean 
representatives on the question of copper pricing for 
Chilean metal were still going on in mid-October. 
These talks have been dragging out to such an extent 
that some wiseacres are referring to them as the “Pan. 
munjom” negotiations. Every day there are rumors and 
reports of so-called terms that supposedly have 
“leaked” out. But these are denied the next day by 
the State Department. When the talks started there 
were about 85,000 tons of Chilean copper involved. By 
now it is believed that Chile has close to 120,000 tons 
stocked up. But authorities here wager that the U.S. 
won't contract for more than 100,000 tons at the most. 
It is hoped that some announcement of terms will be 
made soon since the Chilean copper is hanging over 
the market like the Sword of Damocles and is respon- 
sible for a great deal of the current uneasiness. 

August refined copper statistics showed, as expected, 
a slight drop in primary production and somewhat 
heavier shipments over July which was a vacation 
month. Shipments were 109,985 tons as against 104,48] 
in July. Production hit 77,136 tons, as compared with 
79,938 tons in July. Stocks of refined copper were 
78,825 tons, a gain of 1725 tons. 

During August, copper fabricators consumed 113,520 
tons as against 91,826 tons of refined copper. But the 
volume of new business booked by fabricators was 
lower. 

The supply situation has been tempered somewhat 
by strikes in the copper industry, particularly at the 
Noranda mines in Canada and by projected strikes in 
Chile. But there is plenty of copper available. This is 
strikingly illustrated by the fact that copper is being 
offered for sale at 29.00¢ by the custom smelters and 
at 30.00¢ by the producers. But no consumers are 
hastening to avail themselves of the 29.00¢ copper. 

Curiously enough, the copper scrap picture shows 
strength. This is attributed mainly to the export situ- 
ation; demand abroad is quite keen and domestic 
shippers are availing themselves of the opportunity to 
move their material to foreign buyers. As a result, the 
limited flow of scrap to domestic smelters has caused 
them to boost their buying prices for copper scrap. 

As we went to press, copper was showing strength, 
as custom smelters advanced selling prices to 29.5¢. 


Aluminum. There was good news this month for inde- 
pendent aluminum fabricators. More than 101,000,000 
Ibs of primary aluminum will be made available to 
them during the fourth quarter of 1953, according to 
the General Services Administration. This is 40 per 
cent more than the amount required under existing 
contracts that the Government has with major alu- 
minum producers. Fourth quarter output, it was in- 
dicated, will be 651,000,000 Ibs, out of which some 
231,000,000 Ibs will result from new production. The 
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MMEDIATE SERVICE 
ILL SOLVE YOUR 


NVENTORY 
PROBLEMS 


CO hl bh Fas 


PAE Ss 


INCORPORATED 


® Guard Against Production Slowdowns caused 
by delayed factory shipments of insulation 





A COMPLETE LINE OF materials. IWI gives you fast delivery from 
ELECTRICAL INSULATING ample stocks. 
MATERIALS...READY ® Keep Inventories At A Minimum by getting 
FOR DELIVERY! seldom-used items and small production lots 


of essential materials quickly from your near- 


Varnished Cambric Products eat IWI Warehouse. 











Insulating Paper 

Varnished Tubing : , . 

Saturated Sleeving ® Only Nationally Advertised Quality Prod- 

Insulating Varnish ucts are sold by IWI. All are approved and 

Vulcanized Fibre used by leading electrical manufacturers. 

Phenolite ate Fis 

ee © Expert nite i as 7 
Built-up Mica Products ae a ee ee ’ 
Asbestos Insulation voiving electrical insulat- “a h é e 
Woven Glass Insulation ing materials is offered Jism MT bf tt ae. 
Pressure Sensitive Tape without obligation by SMM // BP. | egg e 
Cotton Tape IWI’s staff of experienced “ska 

Cotton Sleeving Field Serv; R aoe} LY F 
Commutators Built To Specifications = ervice svepresen- 


Silicone Resins 
Silicone Insulations 


a ah» 
Teflon tatives. x at i Ww k ar 
‘an mae 
Ss 


Sere 


ad : ee 
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A NATIONAL NETWORK OF WAREHOUSES SERVING ELECTRICAL MANUFACTURERS 
INSULATION AND WIRES INCORPORATED 


3435 Chouteau Avenue « St. Louis 3, Missouri 


Write For The +¢ddress Of The Warehouse Nearest Your Plant 


NOVEMBER 1953 357 








OVERHEAD MATERIAL HANDLING SYSTEMS 


























VA, 440 to 
110 volts. 





filled transforme 
500 VA, 440/220 





Type MC air-cooled 
transformer, 250 VA, 
230 /460 to 32 volts. 






REPRESENTATIVES 
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TRADE MARK 


transformers for their equipment 


for many years 


Shell type trans- 
former rated 1000 


Type MC single- 
phase, compound- 


r, 


to 110/220 volts. 





WARREN, 



























The trademarks shown above 


identify products that are 
well-known in the electrical 
field for quality and depend- 
ability. The manufacturers 
of these products maintain 
an enviable reputation for 
excellence of product. That’s 
why they have specified 
Standard Transformers as an 
integral part of their ma- 
chinery for many years. 
Standard Transformers are 
well-known for accuracy, 
compactness and sound basic 
construction which are ex- 
tremely important for special 
jobs. Consult your nearby 
Standard representative to- 
day, or write Standard direct 


for specific information and 


literature. 





OHIO 


PRINCIPAL CITIES 
















101,000,000 Ibs to be made available has already been if 


contracted for. 
Pricewise there was no change in aluminum this) 


month, 30-lb ingot 99% plus continued to be priced ati, 
21.50¢ a lb. 


Tin. As reported in last month’s column, Bolivia and 
the United States entered into a contract for the ship- 
ment of 10,000 tons of tin from Bolivia to the United 
States. The first 1000 tons left Chile recently, the rest 
to come later. While price details were not made pub- 
lic, it was understood that prices would be computed 
on a New York spot average and three month futures 
calculated on a monthly basis. Reason for the purchase 
of the Bolivian tin was said to be U.S. desire to aid 
Bolivia in disposing of its surplus. Certainly, it was 
not becaue the U.S. needed the tin. The markets and 
market prices bear that out. 

The price of tin has been fluctuating within a nar- 
row range. There has been little pressure for supplies 
and except for one short period when the threat of a 
dock strike and a holding up of tin shipments stimu- 
lated the price, quotations have been more or less 
level within the past month. Tin in mid-October was 
slightly below the September average price. On Oct. 
8, it was 81.25¢ for prompt metal. 

World output of tin in July ran to 16,100 tons (for 
metal and concentrates) as against 13,900 tons in June. 
U. S. output was constant at 3000 tons. A United Na- 
tion conference on tin is scheduled for Nov. 16 in 
Geneva at which time the establishment of minimum 
and maximum tin prices will be discussed. 


Miscellaneous Metals. The restrictions on nickel (ex- 
pected to have been lifted Oct. 1) will actually be 
scrapped on Nov. 1 by the new Business and Defense 
Services Administration which supplanted the old Na- 
tional Production Authority. The projected action will 
not free nickel completely but civilian manufacturers 
will be able to do whatever they want with the nickel 
they purchase after defense needs are met. Mean- 
while, M-80 under which nickel, nickel silver, and 
nickel bearing stainless steels were controlled, was 
freed under action taken in mid-October. There was 
no change in the price of metallic nickel at 60.00¢ a lb. 


Magnesium. Primary magnesium production in August 
was higher. Primary magnesium ingot output was 6265 
tons as against 6206 tons in July. This monthly level 
is expected to be maintained for the rest of the year. 
The price of commercially pure magnesium was un- 
changed at 27.00¢ f.0.b. Freeport, Texas. 


Tungsten. Second quarter production of tungsten was 
at the highest rate since 1943, it was reported this 
month. Domestic output of tungsten concentrates was 
to be the highest since 1944. Imports into the United 
States were up 18 per cent. 


Cobalt. Consumption of cobalt in the United States 
declined for the third successive month in July. It was 
11 per cent less than June and was the smallest since 
July, 1952. Consumption was 768,916 Ibs and the loss 
resulted chiefly from a 15 per cent decline in the usage 
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WHEN YOU BUY STEEL FROM 
WAREHOUSE, YOU GET: 


@ LOWER INVENTORY COSTS 

@ LOWER SPACE COSTS 

@ LOWER TIME COSTS 

@ LOWER CAPITAL INVESTMENT 
@ FASTER PRODUCTION 


© FEWER INVENTORY LOSSES 





WHY IT PAYS TO BUY STEEL FROM WAREHOUSE 











m You don’t waste productive space storing steel ! 


ou can turn your present steel storage space into profitable production 
space—without danger to the continuity of your steel supply. Just use a 
U.S. Steel Supply warehouse as your own. U. S. Steel Supply can deliver the 
steel you want to your plant or job site at whatever time you desire. Ask 


your U. S. Steel Supply salesman to arrange delivery of your steel at your 


convenience—and you'll find your steel arriving with timetable dependability. 


U.S. STEEL SUPPLY 


DIVISION 


i 


General Office 
208 So. La Salle St., Chicago 4, Ill. Warehouses and Sales Offices Coast to Coas 
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HI-HEAT TO 
LOW HEAT 


eerily 
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HEATER 


AGITATOR 
AND HEATER 


The Model F-1 shown here is 
a single pole, double throw thermostat used to 
switch circuits from high to low heat where two 
heating elements are used. For example, an appli- 
ance may have one heating element with 4500 
watt capacity and a heat holding element with 
1000 watt capacity. When the thermostat calls for 
heat, the 4500 watt element is in action. When the 
desired temperature is reached, the main contacts 
are broken, the low heat element is cut in and the 
1000 watt element will function until a drop in 
the temperature causes the thermostat to operate 
and switch contacts back to the 4500 watt element. 

May be used to operate fans in air duct or 
agitators in tank, etc., in combination with heaters 
when desired. Write for Catalog. 


Kohortshaw Fulton 


'e CONTROLS COMPANY 


ROBERTSHAW THERMOSTAT DIVISION, YOUNGWOOD, PENNSYLVANIA 
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of cobalt in high-temperature alloys. Production of 
cobalt metal was 7 per cent less in July. 

Steel. It does not appear as if all the gloomy predic- 
tions about the steel industry will come true. While 
steelmaking operations have come down from over 
100 per cent to around 95 per cent, there are some 
steel men who believe that this drop is not an un- 
healthy one. One top steel mill official recently de- 
clared that anything today of around 90 per cent ca- 
pacity is healthier than the 100 to 110 per cent level] 
of recent years. The sentiment is growing that steel 
business is going through an adjustment but that it is 
not as grim as it seemed two months ago. While 
premium prices are gone, while supply shortages have 
disappeared, the outlook is more optimistic than many 
analysts had predicted. 

Fourth-quarter steel operations are expected to be 
only a shade under third-quarter operations. Many 
steel men expect fourth-quarter operations to hold 
around 95 per cent. Estimated steel ingot production 
for the year is expected to be around 112,000,000 tons. 

Actual steel output is topping the 1952 rate. In other 
words, the tonnage produced at 95 per cent of ca- 
pacity is greater than the tonnage produced last year 
at 100 per cent of capacity. 

Inventory adjustments have been going on for two 
months and a recent report by the National Industrial 
Conference Board indicated that they were more or 
less in balance following a general rebuilding of 
stocks after the steel strike in 1952. 

Because of the keener competition in steel, many 
of the top companies have announced that they will 
absorb freight charges. 

The price of steel scrap which in the space of about 
two months dropped $10 to $15 a ton, in mid-October 
seemed to have hit bottom and was slowly beginning 
to rebound. O 


Tin Prices Low 


ACCORDING TO DATA prepared by Norman Cleaveland, 
president of Pacific Tin Consolidated Corp., the only 
American tin mining organization in Southeast Asia, 
the present price of tin is well below the relative 
prices of other metals in the same category. Mr. 
Cleaveland offered the following tabulation: 


Cents per lb., New York | 
July 1939 July 1953 Increase 


Copper 10.09 29.72 195% 
Lead 4.85 13.68 182 
Zinc 4.52 11.00 143 
Steel 2.61 5.24 101 
Tin 48.52 81.63 68 
Moody’s Commodity 

Index 150 424 184 


In commenting on this data, Mr. Cleaveland stated, 
“The marked discrepancy (in the increase in the price 
of tin) is not primarily the result of natural economic 
forces in a free enterprise system, but rather the . . . 
efforts by certain United States Government agencies 
to dominate the tin price. goo 
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ont nylon 


DRA LARA NAb E A ECR EERE 


Why not investigate how this unique 
engineering material—DU PONT NYLON 
—can help improve your product? 


These six parts, as used in a new starter developed 
for automatic transmission cars, demonstrate how 
the unique properties of Du Pont nylon can help 
engineers develop more efficient products. 

Du Pont nylon is strong and durable. Parts 
made of it withstand shock and vibration. Nylon 
can’t corrode, is unaffected by most common 


Check all these outstanding properties of Du Pont nylon— 


\ 


VJ 


/ 





chemicals. Du Pont nylon is light in weight, heat- 
resistant and remarkably resilient. Parts resist 
wear and abrasion, provide quiet operation with 
little or no lubrication. And DuPont nylon’s 
electrical insulating properties insure positive 
operation. 


Perhaps the valuable properties of Du Pont 
nylon can help you develop a new or improved 
product or process. For further information on 
Du Pont nylon write: E. I. du Pont de Nemours 
& Co. (Inc.), Polychemicals Department, Room 
2011, Du Pont Bldg., Wilmington 98, Delaware. 


‘ TOUGHNESS — Nylon is virtually unbreak- 


LIGHT WEIGHT—Nylon’s specific gravity 


able, even at low temperatures. \ is 1.14. 
HEAT RESISTANCE — Nylon is capable of 
continuous operation to 250°F. a/ CHEMICAL RESISTANCE — Nylon is un- 


ABRASION RESISTANCE — Nylon resists 
wear, scuffing and gouging. 


STRENGTH, RESILIENCY — Nylon absorbs 
shock without chipping or cracking . . . is 
strong in thin sections. 


affected ky most common chemicals. 


LOW COEFFICIENT OF FRICTION — Nylon 
has excellent bearing characteristics — pro- 
vides quiet operation with little or no lubri- 
cation. 


Nylon parts molded by United Plastics Industries, Inc., Vassar, Mich., for Automo Corp., Saginaw, Mich. 
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THIRD 


in a series of important 


announcements. 
Next month— 
the fourth field-tested 
AGA development 
to be announced 


in as many months. 


AGASTAT 


Trademark 


TIME DELAY 
RELAYS 


with Remote 
Push Button Control 





Wiring diagram 
NEH-11 AGASTAT 


An auxiliary “hold-in’’ switch affixed to the bottom of these pnevu- 
matic relays makes possible a remote push button control of the 
time delay. Delays easily adjustable from 0.1 second to 10 or 
more minutes. A.C. and D.C. units, single or double break contacts. 
All are lightweight, compact, easily mounted and low in cost. 


Write for specifications —and ask our application engineers for 


help with your timing problem. Address Dept. A8-113. 


bj i SOUS RM Ne ae Late 
1027 Newark Avenue, Elizabeth, New Jersey 


ae ea a 
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The Engineer and His Customer 
Charles A. Maynard | 


Vice President, Research and Engineering 
The Indiana Steel Products Co. 


ENGINEERING has become extremely complicated. To- 
day there is a multitude of specialized fields in engi- 
neering, with new ones springing up constantly. These 
are the growth of engineers’ and scientists’ dreams 
seeded in the fertile ground of physics and chemistry, 
cultivated with the tools of science and industry in 
an attempt to produce a harvest of physical things 
that will pacify the insatiable hungers of the human 
race. Each phase in the development of an idea into 
a finished product requires the solution of many 
problems, if progress is to be maintained. Among 
these problems one is repeated in each phase of de- 
velopment that must be solved. This common problem 
is that someone must be convinced or made to accept 
the fact that the next step is necessary—someone who 
is in position to bring this about. 

The problem of “convincing someone that the next 
step is necessary’ is a part of the engineering method 
that is often neglected. Someone must be sold. The 
engineer has a customer and ultimately he is face to 
face with a sales problem. The degree to which he 
convinces others that his recommendations are worthy 
of consideration determine the stature and _ recogni- 
tion of the engineer or his organization. The impor- 
tance of successfully convincing “the powers that be” 
that the next step must be taken cannot be over- 
emphasized. It is the crucial point which determines 
whether all the engineering effort can be brought to 
a successful conclusion or whether it fails miserably. 

The engineer should apply logic to the problem of 
presenting his findings or recommendations just as 
he would to any other portion of an engineering prob- 
lem. If this is done, the engineer will realize that 
engineering is not a domain in itself. It is a part of 
an organization which presents to the engineer the 
incidental and basic problems to be solved; which 
invests money in tools, material and labor of pro- 
duction and which through sales and advertising 
convince a sufficient segment of the public that the 
product is worthy of being purchased with _ its 
resources. 

It is only in a few cases that the engineer speaks 
to the ultimate customer. Generally his contacts are 
with other engineers, with manufacturing, with pur- 
chasing, with management and with the sales and 
advertising departments. To each of these groups he 
has a selling job to do. 


Confidence Necessary 

In overcoming sales obstacles, it is important for 
an engineer to have confidence in himself and the 
work he has prepared. It should be the result of a 
real knowledge of his field, not merely an accumu- 
lation of details, important as they may be, but a 
basic understanding of the principles involved and 
relative importance of the details. His knowledge 
should be such that he can relate his field with other 
fields. He should work so as to accumulate all the 
necessary facts that will give a true and logical an- 
swer, being wary of selecting only those things which 
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a Whooosshh! Jet engines generate a 
powerful amount of heat . . . heat which, 
uncontrolled in flight, would cause disastrous 
metallurgical distortions within the delicately 
balanced engine. So the problem is . . . or 
rather was .. . how to provide a dependably 
accurate means of measuring exhaust tem- 
peratures so that the pilot might have control 
over how hot his jets get. 


And the answer? Special wiring harnesses 
running from engine to instrument panel .. . 
harnesses now made exclusively with Hoskins 
Chromel-Alumel thermocouple alloys. 


Yes, wherever durability and accuracy are 
required in a thermocouple . . . whether for 
jet engines or industrial furnaces . . . you'll 


MANUFACTURING COMPANY 
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find Chromel-Alumel right for the job. Ex- 
tremely durable . . . highly resistant to heat, 
corrosion, oxidation . . . guaranteed to register 
true temperature-E.M.F. values within speci- 
fied close limits. 

That’s only part of Hoskins’ product picture, 
though. Other specialized quality-controlled 
alloys developed and produced by Hoskins 
include: Alloy 785 for brazing belts; Alloy 717 
for facing engine valves; special alloys for 
spark plug electrodes; Alloy 502 for heat 
resistant mechanical applications. And, of 
course, there’s Hoskins CHROMEL .. . the 
original nickel-chromium resistance alloy used 
as heating elements and cold resistors in 
countless different products. 


4445 LAWTON AVENUE, DETROIT 2, MICHIGAN 







Heating elements made of 
Hoskins Chrome! deliver full- 
rated power throughout their 
long and useful life. 


Sparks fly better, last 
longer in today's spark plugs 
... thanks to Hoskins’ spark 
plug electrode alloys. 


Hot stuff for hot jobs! 
Hoskins Alloy 502 is ideally 
suited to many mechanical- 
structural applications. 


ASBESTON tapes 


For the most particular specifications, Asbeston ‘Tapes give 
you the small, neat windings required for depend- 
able, top-quality work. 

They’re extra thin, yet light and strong. They 
wind firmly, lie closely, help reduce bulk in coils, 
cables, wires and other electrical elements. 

Made with Underwriters’ grade asbestos, you can use these 


tapes confidently where heat and fire-resistance are 
required. 


Quality controlled —we supervise every stage of manu- 
facture, from yarns to finished product, in our 
modern plant at Hogansville, Georgia. 


Gauges Widths 
.010 and .015 inch Yq inch to 12 inches inclusive 


Textile Division 


\, UNITED STATES RUBBER COMPANY 


1230 Avenue of the Americas 
Rockefeller Center, New York 20, N. Y. 


ASBESTON® 
US.ROpAL 


UNITED Zelrec RUBBER COMPANY 


will lead to a preconceived answer or idea. This 
confidence and a proper presentation of his endeay. 
ors will do a great deal in establishing his work as 
authoritative. 

The customer may be influenced by “authorities” 
The engineer should create sufficient confidence on 
the part of the customer so that to him the engineer 
and his work are authoritative and worthy of substi- 
‘ition in case they conflict with previous ideas. 

A common language is a great aid in overcoming 
“ny prejudice, and it also enables the customer to 
‘etter evaluate the work that the engineer has done. 
Mven engineers appreciate a simple presentation jf 
it makes for economy of effort. Also, it is to be re- 
membered that the majority of presentations are pri- 
marily to serve the customer and not for the self- 
.tgrandizement of the engineer. 

It is important that one fundamental idea be 
instilled in the customer, namely, that the work and 
recommendations given are aimed to serve him. Un- 
less it is to the customer's advantage, he will look 
elsewhere. It is self-evident in selling a product; it 
is also true in purchasing. If engineering sets up 
more and more stringent requirements and_ expects 
to have his requirements met without adequate com- 
pensation, the suppliers lose interest and another 
source must be persuaded that it is to their advan- 
tage to take on this production. If changes in a prod- 
uct are required which are different from the cus- 
tomer’s stated desires, it is important to point out the 
advantages to him . . . not that it makes the job 
easier for the engineer or his company. 

Fortunately, the engineer is not generally faced 
with the necessity of convincing the masses. Manu- 
facturers are interested in savings in cost, machine 
time, facilities or the elimination of undesirable con- 
ditions. Sales and advertising desire a “gimmick” to 
make their job easier such as a superior product at 
a lower cost with special appeal. Management wants 
all these at a profit with minimum of expenditures. 
Fundamentally, what will it do for them such as 
saving money, time or work; enhance their prestige; 
make life more enjoyable, is the important thing to 
the customer. In other words, the engineer’s efforts 
are aimed to present findings and recommendations 
that will meet his customer’s requirements. 

In an engineers contacts with others, he should 
cultivate the attitude that the customer is impor- 
tant and his opinions merit consideration. An obvious 
diversity of opinion regarding a problem can be 
resolved with mutual advantage to all if the true 
facts are presented. 

One of the most infuriating things to one’s ego is 
to be publicly embarrassed. It should never happen 
to a customer. At no time is the customer allowed 
to “get out on the limb” without a graceful way to 
back down. It sometimes requires finesse. Truly, ig- 
norance either on the part of the engineer or the 
customer is one of the chief obstacles to be over- 


'come and all possible means should be used in 


overcoming this obstacle. gao 
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